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PREFACE. 


In tlio present rapidly advancing state of society, the study of the Natural and ' 
Physical Sciences has l»ec()ine an essential branch of a liberal education. The 
adviuitag(‘ of such pui'suits is universal ; for all men are partakers of the boun- 
ties of Nature, and all should possess some knowledge of the manifold opera- 
tions on which their uwn ei)j(»yn)ents, and even their existence, de|)end. 

EnliirgtKl views of Mature are more es|x-cially requisitfi for those who watch 
liver the progress of ineiital (ievelopment. and whose object and duty it is to 
diiwt tlie tendencies of tin; progressive spirit of the age, and to counteract the 
evils of prejudiced and illiberal views either of Natural or of Moral Phenomena. 
Henci- tilt! Artist and the Philos(.ipher, the Poet and the Divine, need a deep 
insight into Nature, and an enlai^ed apprehension of her economy smd her 
laws. The Manufacturer, the Husbandman, and the Merchant, whose avoca- 
ions may be prosecuted witli the aid of a knowledge of those branches of 
Natural and Physical Science which am indispensable to their sjM.'cial pursuits, 
an.' likely to be more uniformly succtssful when acting upon principles derived 
from a thomugli conqia'liension of the relation of Nature’s laws to one another. 

It may hence be inferred that the Natural dml Physical Sciences are of the 
I'i ghest importance to all classes of the community, and that tliey ought to 
Litn an csiiecial branch of study in every institution devoted to the instruction 
of youth. 

'I’he Author’s object has licen to render the Book OF Nature a MiUiual that 
may be appropriately placed in tlie bauds of pupils in all aluattional institu- 
tions where the importance of a general knowledge of the Natural and Physical 
Scjenais is recognised. Founded on a scientific Kasi-s, and comjHised with 
simplicity and clearness, it presents a general and Comprehensive view of all 
the principal branches of the Natural and Plivsical Sciences. 
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on" of the various sections by the same author is intended to 
Qtage of a uniformity of style and treatment; to avoid the 
^i^merous general statements ; (o exclude all varying and contra- 
f;^d, finally, to avoid all inadequate explanations and expressions, 
sO^^greatly retard the progress of tl^ student in the perusal of scanty 
be several sciences composed by dillerent authors. 

JJ- 

“ \ estimation in which the Booj^ t)F Nature is held by the Germans, who 
‘justly been styled a “ Nation of Thinkers,” is testified by the sale ot 
is of twenty thousand copies in the short space of five years, and by 
i high encomiums of some of the most eminent Professors of the indindual 
branches of science on which it tniats. 


The work has received many new illustrations, some of them origintil, and 
others copied from Regnault’s Cours EJementaire de (Hiirnky and from the 
Cours Elementaire d'Histoirc Xafurelle^ par Milnc-Edwards, A. de Jussieu 
et^ Beudant, which were placed at my disposal by the Publishers, and which 
haw enhanced its l)eauty and usefulness. 


lioyal College of Chemistry y London^ 
October 1851 . 


H. MEDLOCK. 



PREFACE TO THE SECOND EDITION. 


iN preparing the Second.Edition of the Book of Nature, I have inc«Mrporated 
the additions and improvements introdaccd by the Author into the Sixth 
German Edition which has been recently issued iirom tlie Press. 

fn the section on Physics a more convenient arrangement has been adopted; 
and a new chapter on the Mechanism of the Clock and of the Flour-mill added.^ 

• 

The section on Astronomy has l)een almost entirely re-written, and rendered 
more uniform in languj^e and style of treatment with the rest of the work. 

The section devoted to Chemistry is considerably extended ; and a new 
chapter on Organic Radicals introduced. 

In revising the proof-sheets, and making the copious Index, I have received 
the valuable assistance of my friends Dr. Philip W. HoFMJtUN and Mr. 
Charles Harwood Clarke, to whom my best thanks are especially due. 


‘20 Great MarVinrouqh Street, 
.Wiin-A 185:i. 


H. MEDLOCK. 
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INTRODUCTION. 


’ only after we have deciphered the separate characters that we 

of an ancient inscription, so we progressively advance 
flHLibe^fto^Kge of individual facts and simple objects, to the recognition 
im &Mptdien^on of the general laws of Nature on which they depend. 

‘ efforts of the earlier students of Nature were solitaiy, interrupted, and 
ll^COmbiaed/and therefore they led to no ihiportant results. A subject so full 
manral and mystery can only be successfully prosecuted when men are in 
possession of leisure, and when they enjoy the blessings of peace. But 
circumstances we rarely find to have been the lot of the learned and the 
wto, ihe distinguished men of ancient times. In the history of the earlier 
nations and empires we learn that the few who directed the destinies of the 
people at large, were so much occupietl either in acquiring or in adjusting 
political power, that only a limited numl)(*r of favoured individuals, here and# 
there, had leisure to cast a few hasty glances on Nature. 

People were then fully engaged in p -oviding for their mere physical wants ; 
civil order had to be established, and life and property to be secured. When 
wars and other calamities left; them a })reathing-time, this was chiefly and 
necessarily spent in the performance of their legislative and religious functions. 

Hence the sciences cultivated in the more ancient times, were those of civil 
polity, law, and religion ; and to all these, but es])ecially to the last, the fine 
arfs were more conducive than natural science, and were consequently more 
successfully cultivated. 

Our sketch of the progress of science is divided into that of the earliest, the 
middle, the modern, and the present age. 


EARLIEST AGES. 

The ancients were content to use and to enjoy the gifts of Nature, but had 
little desire to know their causes or their ellocts. They had everything to 
learn. Their usual emjjloyments were hunting and fishing, and to these were 
subsefiuently added the tending of catth* and the tillage of the soil — occupations 
which su})j)lied food and clothing, the prime necessaries of life. Hence, in 
conse([Upnce of their daily intercourse with Nature, they noticed many facts and 
jihenomena which, individually and collectively, were useful to their successors. 

The Chinese and the Egyptians, who, even at this early period, had formed 
themselves into well-organized communities, are the earliest nations among 
which we meet with a large amount of artistic knowledge, as well as regu- 
lations which evince that they enjoyed an intimate intercourse with Nature. 
Ypt both of these nations had only attained to intelligence of some individual 
words or passages of this Book ; but to an understanrling of its spirit and 
unity, or even to an intelligent apprehension of its legs obscure chapters and 
pages, they^ never reached. 

MIDDLE AGES. 

The Greeks, the most civilized people of antiquity, were surrounded by the 
bounties of Nature, which almost s|X)ntaneou.sly yielded up to them all the 
necessaries of life. And thus, not being compelled to wrest from Nature her 
treasures by incessant labour and patient attention, they entered less deeply 
into her mysteries than might have been anticipated. It was the spirit of 
Nature collectively, and of the human mind specially, that formed the main 
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objects of their observation and reflection ; and thus the mtcjlecmi^ llOiOlldy * 
and political sciences were moie successfully cultivated than thosa of Habits 

The powerful people of Home desired only conquest and domAfoti; tMrir 
principal occupations were war and legislation ; they had no indlQation for 
science, which iievei thrives unless embraced with love, and nursed in tiie 
lap of peace. This nation, which made all kingdoms tributary to itself^ nearer 
dived into the kingdom of Nature; and whilst it pi escribed laws to aU peopl^ 
it had no idea of the etoinal, immutable laws of Natuie which ovenw the 
transitory laws of men. 

Aftei tlie overthiow of the gieat Roman Empire, a stormy period succeeded. 
Piodigious swarms of tuiliulcnt ]Kople foisook then rugged homes, in quest of 
new and moio congenul habitations. These bi ought wai and desolation in 
Jheii tiain. like a de*>tmctive flood, they destrojed eveij^ thing which lay m 
thdi tiack. Alt and science bade faicwell to Em ope, and sought and found 
an asjluiu m the nioie peaciful countiic'* of Asia. WliUe Eurojic was tom to 
pieces by savage wais, science was cultivated and expanded in Aiabia, and 
much valuable knowledge was bi ought thence by the Crasaders. 

MODERN AGES. 

I 3 oth the external and mteinil ciicum‘>tinces of Europe became graduallv 
moie favourable to tlu* ])i emotion of scu nee. The Chnsti in faith, strengthened 
and cdiuntid b\ tlu* t( stimonj nid the lilood of mait)i{>, united the nations 
111 defence of tluii counti} and common leligion, assailed b} the inuptions of 
foieign barliainns. The Empiie of Gdnianv, founded on the luins, and com- 
posed of the idles of Romm yiowei and civilization, giew up into a perma- 
nent aiul powdtul icluge foi ait and science. \V us and wailike expeditions 
weie still fieqiunt, }et in the seclusion of tlu monastic establishments, and 
within the wills of stiong, foitiflid eities, suence and ait, trade and manu- 
faetuies, found a sife abode, and weie eultivaUd with eneigy and success. As 
men wcie coiuucted bv tlie bond of proxiraitv and mteiebt, then wants mul- 
tiplied as tlu 11 means of ‘=*uppl>ing them weie imuasiel, and the eflects of 
combinition nid concentration wdo a nieiie abundmt siipplj of the tieasures 
ot NatUK*. There wtie, liesides, othei cuises co-oporating in the ampler dif- 
fusion of natural seience. The^ diseoveiy of punting afloided the ficility of 
prcseiving and tiaiisnnttiiig every invention, oxpdinie'iit, and obs^l^ itioii, and 
the discoverv of Ameiica not oiil) displajiHi to the woiuleimg inhabitants of 
Euiojie a multitude of cuiious and re*maikabloe)biects, which not meioh excited 
tlieii euiiosit), but enkindled the passionate* desue ot moie extensive discovery 
and moie iceinaU* examination. In England, Scotlnid, Itah, Fiance, and 
Geimanv, the) lonneleel Univei&ities, establishments in which all the sciences 
wen sedulously eultnated by the most distinguished stholai^ pt Aat age. 
The coniuxion of nudicil and jihysie il science was especiallv favouiable to 
the ])iomotion of the lattei, which, fiom the eailiest ages, has betn amsideied 
as the suie foundation of medical knowledge and practice. 

PRESENT AGE. 

Armed with the experience of the jiast, and Ci\oiui*d by a lengthened 
duration of peace, the piesent age is moie distinguished foi scientific pursuits 
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than any former period of the world’s histoiy. The moie im])oitant nations of 
Ei^ope, dacing Ae greatei pait of hilf a centiiiy, have slu ithod thou swoids, 
80 long dIawn against themselves; and England, Fiance, and Gcimany no 
hHuger emulate eaeh other m the bloody woiks of dtstiuctioii, but stii\e foi tlie 
mastery m iscience, aits, and manuRictures. 

Many of the most eminent and mgemous men have applied th('msolves 
exdusively to the study of Natuio. They woic endowed witli a kem per- 
oeption of the essential imjioitance of the ph^sicil sucncos in ])luloso])h}, 
medicine^ aguculture, arboiiailtuie, cUid nianufutuu^. Uiuhi i toinbinition 
of fitvonrable circumstances and of associated elloits, science Ins litel) made 
g^[antic progiess. 

In Germany, the Geneial AsscKiation of Natuialists was fiist established, 
and eveiy yeai they meet to exnte and cnconia^c cadi othci m then hboms 
to extend the empne of science iiul the lo\e and knowkdge of Nitiue, The 
Biitish Association foi th( Enc oui igc'ment ol Science meets annuill> foi 
similai puqioses. From ncigh]x)iiiing ii itions, and e\( n fiom the most distant 
|>aits of the woild, there a continiiil mtoi course or scientific eommcice 
earned on, which h\s a dnect U ndene) to iw ike n tlie e norgies ot me n, is well 
as to enlarge then knowledge and excite then ciuiosit}. 

• The science of tlie picscnt da} his no m\st( iious secicts whieli she can fully 
Ol chuilishly conceils, freely inel genciousl) bubble iincc isinL,l\ hci fouiitiins 
toi every one who appioichcs hti with the noble thiist of knowhdge. 

Happy youths of the piesent ige, whose ci idle w is locked uneh i th< sli idow 
of the peaciful oli\e, take aehaiitage of the f i\oui ible ciicuinstnicis of the 
times, and aceiuaint } ourselves with Nituie f 1 oi, is tin mm who le imod i 
new language was believed liy theancunts to become possessed ot i new soul, 
so mm acquiies a new sense with the acipiisition ot evei} new bunch ot 
natiual science. 

“ Thus Nutwe addresses heiself to the recognised, the misused, and unkimin 
senses , thus, hy thousands of phenomena^ she speaks with hei self and to us , fu 
the attentive listener she is nouJiste dead, never silent ^ 

With these woids of Got nil , we lecommend to }oiu acceptance ind stud} 
fiiL Book oi? N viukj . 
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1 . 

By the term Nature we understand the tenor or the im^d totwiy of all ; 
that can be perceived by the senses. 

We feel that which is in immediate contact with our own bodies; we fee 
whatever is presented to the eye, whether at a greater or a less distance; we 
hear the varieties of sound around us ; we smell the fragrance of the flowers ; 
and we taste the peculiar savours of different things. 

Our senses are therefore the essential media between mind and Nature. 
They alone give information to the mind of the presence of that which is 
external to it ; so that it is only through the senses that the mind has any con- 
viction of an external world. 

* It is impossible for the mind to form a conception of any one part of Nature, 
unless it be perceptible to the senses. The blind, by the sense of touch, can, 
it is true, form a conception of the shape of an object, but they cannot form 
the least idea of the different colours ; and it is impossible to convey any 
notion of this by mere description. Blue and red can no more bo described 
than can a sound or a taste. 

Consecpiently, if the mind wishes to become acquainted with Nature, it must 
employ the senses as principal guides ; it must despatch these its servants into 
tlio unknown domains of Nature, and form its conceptions and ideas in con- 
formity with the information obtained through the means of the senses. Futile 
will be the endeavours of the most ingenious mind, which attempts to investi- 
gate or exjiound Nature either as a whole or in individual parts, on jmrely 
reflective or logical ])rinciples. Wo must refer constantly to the evidence of 
our senses : for the history of scientific progress clearly proves that those who 
have neglected or despised the guidance of their senses, and who would com- 
])rehend Nature on purely intellectiuil principles, have been led farthest astray. 

2 . 

Though we justly attach a high imj)ortance to the perception of the senses 
in the investigation of Nature, it is not by itself adequate to the attainment of 
this knowledge. The child and the imbecile, as well as the savage, are sus- 
ceptible of impressions, yet they make no ad^anooment in the knowledge of 
Nature, for they are not in ])ossession of a correspondingly developed under- 
standing, which alone is capable of rightly aj)prehending and judging, of 
arranging and comparing, the facts communicated through the medium of the 
senses. The mind alone is able to combine the dillereiit observations, and 
thus, conducted by the senses, to obtain a deeper insight into Nature. 

The attentive consideration of Nature we call observation, and to obsei^’e with ^ 
tin* view of understanding is called invcstiijafion. When we oursel^’es ])erform 
certain operations, or fulfil certain conditions, in order to observe an appearance 
more accurately, or so that we may be able to rejK'at or continue the o})eration, ; 
this action is called an investigation or ea:j)eriment, 

3 . 

All appearances or perceptions do not make an equal imj^ression on our 
senses. Tluit which is perceptible at once, both to sight and to feeling, is 
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GoUi^fl an Thus, Stones, Plants, and Animals, aie Objects. That we 

ara jnatiCiai} in classing with objects the atmospheie and the heavenly bodies, 
will onjy Ibecome Derfoctly clear on a closei leqiiaintance with Nature. 

On tod Otiiitf hand, we name Phemmemi all such appeal aiices as aie of theni- 
detvfiS and a^he same time peiceptible or revealed to U') bv onl> one of oui 
senses, Tb^, heat is apprehended only by the feeling, light by the e) o, sound 
1^ the hence heat, light, and sound are designated by the teim Nataial 

Qymn peiceptions, such as those of the colour, the smell, and the taste of 
ijoainy bodies, are usually called P/ operties. 

K.^'^bjocts occupy Space, and can be meisiiied and conipaied; jihonomeiia hll 
up a portion of fime, and divieb it by then -iUccession, and lepetition 

Natuie is therefore levealed in objects and phenomena. 

4. 

If we attentively considei an object, we aie sensible that it does not alwajs 
piesent the same appearance. Ceitain changes are easily peicoptibli . Some- 
times it changes its jilace, sometimes its figme, sometimes its colour; m a 
woid, every object is to be seen under a gieatei oi less stiiking \tiriety of 
iccidents or aspects. 

•What is the origin or foundation of these appeal anccs, — whence aruaa these 
mutations to which objects lie eonstautl) subject ^ 

We will endeavour to answer this cjiiestion bj an examjde. 

Theie lies a stone on the giound. Suppose we lay hold of it and lift it uj) 

The stone by this action evidentlv ehinge^ it-» position, and wi juitc ive that 
a motion is communicated to it. 1 he stone is the Object, and the motion is the 
Phethomenon, 

What now was the ground or the cause of this jihenomenon of motion ’ 

Nobody will, in this cast, doubt that it was the will, the individud act, 
which by the lajing hold of, and the* lifting up of the stone, communicated the 
motion, and c lused the change of place. 

But what hajipens if we now leive tin elevated stone to itsilf, b) opening 
and w ithdrawing the hand ’ D(x,s the stone retain thi same jKisition ’ 

B) no means, it remains neithei suspended noi hovering in the an , but tht 
moment we withdraw the hand it falls to the giound, 

Moreovd, we have here again a phenomenon of motion which is ccitiinlv 
independent of our will. Foi if, at the vtiy instant the stone is n linquishtd, 
we e\pi< sb the most decided desire for its lemainmg wheie wc leave it, it will 
fall to the giound notwithstanding. 

It IS indifleient, as exjKirirnce proves, to wlut height we miy lilt uj) the 
stone ,• uncle similai conditions, all objects will nunifest the sime jiheno- 
menon. 

Theie must necessaiily be a cause piesent, which pioduces in the most dis- 
similar objects the same plir nomenon of falling — a cause altogethci indc pendent 
of human volition — a cause which is invisibly united to every object, and lie 
longs to its existc nee 

Such a cause of a ph&omenon indepuidciit of human will, wc call a /h/oa, 
oi Natural Force. For example, the powei which we consider as the cause* of 
the falling of bodies, is called Attraction, or the Foice of Giautation. 
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As Nature exhibits a great numbei of very different phenconena, it might 
easily be sqiposed that many diflcunt forc< s are constantly active m prodttdog 
tliese difkient lesults ^ 

This, however, is not the case. Attentive obseivition has proved that a 
single foiee is adequate to the production of a multitude of difiexent pheno* 
mend It IS pi ob able that, tilon on the whole, there aie only a few final 
causes 01 forces iii existence, whiieby all the plnnomena surrounding us am 
oce isioned , 

In the obseivition of Niture, we hive theiefoie, m the fiist phee, to corn*! 
pie hind Ohjuh, ind the Phenwnena whidi tht) manifest We ha\ethentol 
iceount for the ( ausps oi the which ])roelu(c the se phenomen i Thef 

eom])lete iccount of tins scientific kiiovvledj^e we cill the Knowledge of NdtweJ 
bi j\atwal btitnu. 


5 . 

Let us now behold Natuie 

Ihe most suitable means of attuning tin-* end will be to take i walk, and 
(onsidoi well wlutever picsents itself to enu senses We diiecth peiceive 
mail} and \ciy ^ uious objects Ihe fields and commons aie eo\eied with 
pi lilts uiel giiss the distint hills ue ciowncd with I loom, oi we oils, ^or 
foiests In tlie vil at then feet the spiikliiicr biook glides dong, while in the 
\tmospheie the clouds ehise e ich othei in iipid ‘^uceession Complete rest 
ind stillness aie now he k to bo seen I e uts lustle, biuiehes w ue, the flow 
mg w itei eddus iiiel iip|)Its (leiwviicie we unit with the most \uird foims 
of uiimil hf( in ineessint impulsiM ieti\it\ Whit i mnltitiKh of ibjetts^ 
what a iniiltiplieit} of phenomen Wheio shill we loimiieneo oin leseuch’ 
How shill wt coinpieluiid the mdi\idiul uljict m the const intl\ ii oving 
pinoi mil of IS ituu ^ 

Indeed tlie multitude distiuts us we ieel discomigcd m oiu ofloits to 
obtiiii a light qipiihc nsioii ol whit we beliold, we letuin home little 
iiistiiieteel b\ oui w ilk 

But even hue, within oiu foiii wills, how minifold ind nmltifoim ire the 
objects cxpable of uk sting uui ittentioiH Ihe w umth ridiiting fiom the 
giite, the disippeuime of the wooel consumed l\ the hi , the hissing xiid 
bubbling of the w itei boihng m tin tixuiii — ill the si xie phenonieiix whieh 
eliim om olscivition W h it leinukible jiipiitiis ue exhibited l\ the 
gl iss fiunishings ot the loom^ Whilst th wiiuhw j)Uhs piimit unilteiul 
the xj)])0uxnce ot exteinil objects, oiu spec tu Us incie ist then appuent 
magnitude, uiel tin niiiioi pii suits x fiithtul likeness ot oiiisiUes 

Iheae ue, in tiuth, things which we eliih see, uid with which o\n\ one 
is icquiinted but if wi iinjmu^ into the juoximite e iiiscs ot suohijihenointn i 
wi jHice \e tint it IS not e is\ to extern jioii/t x sitist,^etoi\ soliitn n 

Ihus with the miteiiils ind objects ot nuestigiHon, xxe iii ilwxis xnd 
evii}wheie sujijilnd It is onl) uquisite now to show how to jiioeeed to 
xttxin a eomjue liension, and to sm\e\ IS ituie in Ini multifoim ispicts ind 
manilold pluiiomenx lo stuilv xll xt one i' w ould I e^ imiiossibk W itli this 
MCWj we leU pt i s\steinitie ticitnunt oi tlu \ uious subjects^ niikin^ tli 
sciences follow one uiothei in a iixtuial seepieiiec 
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6 . 

Thus j^en we are under the necessity of svbdimding the natural sciences. 
K is not |)(>^ible to do this with absolute precision ; for though certain natural 
di^QDS readily present themselves, yet in the richness of Nature every subject 
is always more or less intimately connected with every other. 

It iSj moreover, diflicult to afford a systematic view of the whole Natural 
Sbieno^ to one who is totally unacquainted with their details, or who only 
knows them superficially ; for a clear comprehension of the whole can only be 
.attained by him who knows precisely its constituent parts. If, notwithstand- 
ing, we make an ellbrt to divide tlie groat kingdom of Nature into different 
provinces, it is chiefly with the view to point out the course by which we mean 
to pursue our journey through it. , 

We have already shown that Nature is revealed ])artly in Objects, and partly 
in Phenomena ; and hence the entire science se])arates itself into two • ’*inuiry 
divisions— the science of objects and the science of phenomena. 


7 . 

The Science of Objects, which is commonly termed Natural History, is 
divided into three parts or divisions. The principles on which this division is 
founded will be most easily rendered intelligible by examples. 

From the thousands of objects with which we are surrounded, wo choose a 
piece of Sandstone, Chalk, or Granite : and pieces of Sulphur, Coal, common 
Potter’s clay, white Pipe-clay, and yellow Tripoli. 

These objects are certainly very difierent from one another, yet they present 
this property in common, that every one of them is homogeneous (similar) in 
its whole mass. If we break off a fragment from the piece of SandstoiK', or 
Chalk, or Coal, we have in this bit, the same Sandstone, the same Coal, the 
same Chalk, only of smaller size. We can tlience convey to any one as 
accurate a knowledge of the essential qualities ol one of these bodies, by 
presenting him with a small piece, as if we showed him an entire m(Aintain 
of it. 

In none of these objects do we perceive any individual pt)rtion which 
exhibits an essential difference from the other |X)rtions. We cannot infer that 
any one portion is more necessary to the existence of a piece of sandstfjno than 
is any other, or that the one particle has a diflerent function or another desti- 
nation than the other. The minutest atom of chalk adhering to the finger, is 
as perfect a bit of chalk, as the mass of this substance which constitutes the 
stratum of a mountain. 

Even the Granite, which appears, indeed, to be a composition of different 
materfals, fbnms an exception rather in appearance than in reality, for on the 
whole it is homogeneous. As will be shown in a subsequent part Granite is 
a uniform mixture of Quartz, Mica, and Felspar, and it is indiflerent whether 
it be only of the size of a cherry-stone, or of as ample dimensions as the huge 
Granite-block which supports the equestrian statue of Peter the Great, or of 
the still gi’eater mass that forms the peaked mountain of Goatfell, in Arran. 
All are equally perfect pieces of Granite, 

‘ Thus, therefore, there are objects which are homogeneous in their mass, and in 
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which no parts specially formed for special purposes can 

These are termed MINERALS, and that branch of natural scierm vuhidi treats 

of them is called MINERALOGY.* 

The case is altogether different if we submit to consideration a tree, or a: 
shrub, or even a flower, a leaf, or a root. 

How different are here the individual parts in /om, colour, and density I It is 
easy to l)e observed that tlie peculiarly formed parts of a tree have special funo^ 
tioiis and destinations ; for supp(^e it to be deprived of its root, its bark, or its 
loaves, we soon are sensible that it is going rapidly to decay. From a part of 
a tree we can form no adequate conception of it as a whole, when the whole is 
previously unknown to us. 

But still more remarkable is that which, by the help of the microscope, we 
tij*e able to s(^e in the interior of the root, the bark, and the leaves of a tree. 
We perceive the sap it contains is in motion, ascending and descending, the 
liquids ill it evaporating or being assimilated. On the outside of the tree, 
shrul), or herb, we are not sensible of any motion communicated from within, 
or occasioned l)y itself. It is true that the wind shakes the branches and top 
of the oak, but of itself, not even a single leaflet is in a condition to move. The 
wind and the forester scatter its seeds over the ground, but the stem re^pains 
iinniovoably fixed where it first took root in the soil. 

Objects witn parts specially adapted fn* certain functional purposes, icithont \ 
voluntary external movements, are termed PLANTS, and the science which treats ! 
of them, BOTANY. 

There is still another grouj) of objects which coincide with plants in being 
pros ified v>'ith [)eculiarly constmeted parts, to which special functions are 
assigned, and in possessing an internal movement, but which ai*e, nevertheless, 
not plants. 

Tliey are distinguished from plants by tlieir capability of voluntary external 
inoveinonts, whereby they can not only change the ])osture and attitude of their 
individual jiarts, but they can move from one place to another. 

Objects endowed with specially formed parts, adapted for the fidfilling of ? 
certain functions, and are besides capable of voluntary external motion, are called 
ANIMALS, and the science which treats of them is called ZOOLOGY. 

All objects, consequently, are either similar or homogeneous, like minerals, | 
or they are dissimilar or heterogeneous, like ])lants and animals. The latterj 
have jicculiarly constructed ])arts, adapted for certain functional purposes; these' 
parts are termed Organs. The united activity of all the organs of a plant or 
an animal, we call Life, and hence plants and animals are designated animate 
objects, while minerals are called inanimate objects. 

8 . . 

The Science of Phenomena, which is sometimes termed Physics, or ■ 
Natural Philosophy, is also divisible into three parts. 

W e are taught by observation, that all natural phenomena form three ])ri- 
mary groups or divisions, each one distinguished by peculiar characteristics. 
Th(?se we will now render comprehensible by examples? 

If we strike a bell with a hammer, we hear a sound. The same will takt> 
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place on the drawing of a bow across tightened strings. A lens of polished 
glesB apparently enlarges the magnitude of every object viewed through it : 
with the same lens we can intercept and concentrate the sun’s rays into a focus 
or pointy and thereby kindle any combustible object ; in every body elevated 
above the surface of the earth and then relinquished, we observe the ])heno- 
menon of felling ; by the drawn lx)wstring we can communicate a swift motion 
to the arrow ; the water which we heat is changed into steam ; and when the 
steam is cooled, it again becomes water. 

Thus we ])roduco very diflerent phenomena, — sound, magnifying effect, 
oombustion, falling, motion, and the formation of steam. 

Though these phenomena diiler greatly, they have still sometliing in 
common : all objects in which they an‘ made to appear, f)r by which they are 
produced, undergo no essential chiinge in consequence. , 

The sounding Ixill and the string, the burning glass, the falling stone, and 
the bow-string, all remain unchanged. Even the water, wliich lias been con- 
verted into steam, resumes its original condition whenever the temperature is 
reduced sullicieiitly to admit of another change, without its suffering the least 
alteration of its essential ([ualities. 

T^e heavenly bodies and their motions arc also phenomena for our present 
• consideration : acconqianied as they are by no perceptible change, they are 
arranged among the above-mentioned phenomena. 

Phenomena without essential change of the objects contributing thereto are 
termed PHYSICAL phenomexa, and the science which treats of these is called 
PHYSICS, or Natural Philosophy. 

The case, however, is totally diflerent with another s(*ries of phenomena 
which we have next to consider. 

When we burn a piece of coal, of wood, or of sulphur; the coal, the wood, 
and the sulphur, eutirely disappear. They pass into another condition, having 
entirely lost their former properties. When sand and potash are luixed togi‘ther 
and exposed to sti’ong and continued heat, both bodies molt together and become 
glass ; in which new combination the original mab^rials cannot be perceived. 
Still more striking is it when sulphur and mercury are heated together. Both 
substances entirely disappear, and iiijjtead of the yellow sul]ihur and the shining 
silvery mercury, we obtain the beautiful red venniliou. Of similar examples, 
thousands could be given, wherein the objects which we sok*' t for the lu’oduction 
of such phenomena experience an essential change, and in tlicii* place objects 
appear with totally diflerent qualities. 

^ Phenomena accompanied with essential change of the objects applied thereto 
care called CHEIVIICAL phexomexa, and the science which treats of them, 
CHEIMISTKY. 

Fiaally, we have remaining a third group of peculiar phenomena, called 
vital phenomena, because they only appe^ar in animate objects, viz., in ])lants 
and animals. Those are, for example, their growtii, the motion of th(3 
different fluids in their interior parts, the rec(*ption and a})propriation (jf the 
nourishing media, &c. 

Thephemmena of animated objects are cr/7/ed PHYSIOLOGICAL phexomexa, 
and the science which treats of them, PHYSIOLOGY. 
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Tabular View of the foregoing Divisions of the entire subject of Natund-Sdenoe* 


A— SciBNCE OK Phenomena. 

B— Science of Objectb.] 

D 
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Without chanfve 
in the objects, 

With change 
in the ob- 
jects, 

In animated 
objects. 

Winch are homo- 
geneous in 
their mass, 

Which are hetero- 
geneous in mass, 
and without vo- 
luntary motion. 

Which are hete- 
rogeneons in 
mass, and en- 
dowed with vo- 
luntary motion. 

Physios. 

Chemistby. 

PlITSrOLOOY. 

Mineralogy. 

Botany. 

ZoOLOOT. 


9 . 

..^The sequence or order in which those different branches of natural science 
are to be pursued is not a matter of indiflei’oncc. Foe . such as are of riper 
years and experience, the most advantageous course the first place, to 

acquire a knowledge of general phenomena and their lalyjp, which are almost 
incessantly repeated by nearly every object. It is easier and more agreeable 
to the developed understanding to survey, in the first place, tlie great outlines 
and general princi])les, rather tlian labour at the comprehension of many 
dissimilar individual forms. la^s case the most suitable plan of study is to 
begin with Physics and Astronomy, to be succeeded by Cheinistry and Mine*- 
raloyy as their indispensable complement. These four sciences contain the 
fundamental knowledge necessary to the thorough comprehension of animal 
and vegetable life. Then follow Botany and Zoolo{jy, of which Physiology is 
generally reckoned a branch; unless it be intended to handle that subject more 
profoundly and with higher scientific aims. 

This is the arrangement adopted in The Book OF Nature, with the 
express intention of making every earlier division more or less introductory to 
that which follows. 

Anotlier course must, however, be followed, if it be w’islied to initiate the 
young into the knowledge of Nature. The child more easily comprehends the 
relations of extxn'iial forms, the magnitwle of objects, their (|ualitios, and other 
characteristics, than he does the forces and the laws w hereby ])honomena are 
regulated. On these branches it is dillicult for a child to acquire just notions, 
or even clear conceptions. 

With children, w-e may first begin to direct their attention to the animal ' 
kingdom ; and of all animals insects ofl'er the richest and most interesting 
materials, wdiich may everywhere and at all seasons be obtained in the living 
state. When they become more exp(?rt in observing and com]n*ehending, with 
advancing age and frcciiicnt practice, they may be introduced through the vege- 
table to the mineral kingdom. 

The study of physics and chemistry cannot usually be undertaken wuth 
advantage earlier tlian the age of fifteen. 

In fine, a rej)eatod surviw will comj)lete the whole picture of Nature, and 
make it appear in that intimate connexion which w-e ought not materially to 
derange, lint every teacher may choose his own way, if he bo only able to 
walk securely himself, to awaken the desire for the study, and to preserve tlie 
zeal of his pupils. 

All ways, theuy tend to the same end, hut he who would reach the end must not ■ 
avoid the way. 
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“ Thou luist ordered all things in measure and number and weight, for Th«>u cans! •' 
ftliew ITiy great strength at all times when Thou wilt, and who may withstand the 
|iower of rinne arm ? '’—Wisdom of Solomon^ xi. 20, 21. I 

1 . Physics is that liranch of Natural Science which treats of such phenomena 
as are unacconi[)anie(l by any important changes in the objects in which the 
phenomena are observed, or which serve for their production. 

Such ]>henomena as these are — the falling of a stone, the sounding of a bell, 
or tlie magnifying efiect of spectacles, as the objects by which they are produced 
undergo no change. As little do the rays of light aflect a window-pane as 
they ])ass through it, and even heat produces only a temporary change in the 
condition of bodies. 

Ill distinguishing jihysical phenomena an apparent difficulty can onlv arise 
when they occur simultaneously with other jihenoniena. 

The heat disengaged in the combustion of coal belongs to the phj’sical class 
of phenomena, while the ni^tatiaorplums which the coal undergoes must be 
('.lassed under the head of chemical phenomena. 

2. Mail, from his earliest age, by observation, by the eye, the sense of touch, 
and still more distinctly by the motion of his body from one place to another, 
arrives at a conception of the relative position of surrounding objects, or, in 
other wordvS, at the idea of magnitude or form. 

It is not the sense of vision alone that endows him with this conception. A 
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young chl^ as often grasps at di^^tant objects, at the moon foi instance, is it 
does at tihose within its icach. A ])eison born blind, who acquires his sense 
of vision by operation onh , m aftei >eais, is unable at fiist to judge b) the o>( 
either of distance or of magnitude. All objects appeal to him equall} distint, 
and he is incapable of judging of then si/e. It is only b> moving about and 
feeling the objects which aie visible, that he is enabled to distinguish betwetn 
vicmily and distance, or to lecognise a diHtunce in size. It is to the habit of 
observing from oui eiily jouth with both smses, that we aie indebted foi oiu 
ability of judging coiiecth, with the t\e alone, of mignitude and distance. 

Expeiience dso tciches us that mignitiule maj be lollovved out m tliiee 
directions, which we distinguish by the teims Lengthy Breadth, and Depth, 

That which is conceived as extending in three diiections is Space. As w( 
c*ui imagine eithei of these three duections to be earned out ad tnfimtmn, we^ 
nn\ likewise define space as the infinite universe simonnding us. It is, how- 
e\(.i, much moie easj foi us to foim a conce})tion of an) limited spice than ol 
the illimitable expanse of Heaven. 

S In like mannei everv man is endowed unconsciousl) with a conception of 
Xumhe) , by the variety and the repetition of the objects --ui rounding him , and 
w itli an idea of Time, bv the succession of phenomena or even by the nicie tram 
ol his own thoughts Ceitun points of depaituie, as will as an acijuiicd 
])t'i(tiee, aie e^soiitial to tin foimation of a ]udgment of time and mimbci , 
without them we should be as little capable of foiming accurate conccjitions of 
these sulijccts as we should of spice. Ihc act of breathing, tin beating of the 
pulse, th<’ altci nations of dai and night, iiul of the seasons, aic the kind of 
phciiomein that aid us in mcasuiing and dividing time. 

Space, Number, and Time, aic, thciefoie, the generalities which foia tin in 
Nolves upon oui minds h\ cveiv obsei\ ition, and aie of spcciil nnpoitann 
in the stud> of most natuiil jdnnomcna. Iho more aiciiiate obscivition 
of space and nurabei foinia the subject of a special science, which is called 
Matheimtics. 

4. Ihit winch fills sj)acc is Mattel . If all space were filled with matte i, 
the latte 1, like the forme i, would be infinite, and sjiace and mathr would, 
tlniefoie, be the same. But this is not the case Matti i exists onlv m ce'rtun 
|H')rtK)i s of sjiaee, and is alw i\s limited m extent. Matter, as a limited, finiti 
^ubstince, is tiiimd Bf)dy or Object. 

The cfl( still l>odics, as well as the earth, aic such limited poitionsof mattei, 
Ol I odie«i, existing in space. Their dimension is extremely small when coin 
paied with tint of spai( 

5. It wc examine matter in the vaiious forms in which it has }ft been 
defined, we can pciccivc no reason for its uiuldgomg an} change Asmattci, 
it shoftld e^vey be iliki, and lemain in the same stati, and tlir sami place. It 
would, tluiefoie, be perfeeth unchangeable, fixed and motionless, and would 
not attiact andoccujA our attention bj the change in the phenoiiKTia observable 
in connexion with it Such a condition of matter we express by the teim I’l.s 
ineHia. Every phenomenon, theiefoie, is produced by the ovcicoming of this 
uieitia by some particular cause. 

Hence vve niastassurfie that in addition to mattei, there exists a special cause 
of the phenomena which aie exhibited, a cause which is termed Force. Two 
ideas niav be formed of the relation between foice and matter. We may cither 
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consider force to bo independent of mattei, separable fiom it, and influencing 
it, p< ihaps, in the mannei in which we conceive that the Deity influences the 
uni\eiso ds its Cieator and Kulei , oi foice may be consideied as bemg insepa^ 
lablo fiom mattei, as is the liody and soul in the living licing. 

biuh geneial views aie, howevei, the moie indistinct and indefinite the less 
we know of the facts upon which they must be grounded. It is, therefore, 
advisable to become fiist thoioughly ac(|uauited with individual natural phe- 
nomena, and aftci wards to ondca^oul to foim moie general views, and to 
denote them by suihible expiessions. 

General Propiu I lls 01 Maher. 

G The following aie the general juopoities of bodies: 1. Magnitude and 
Jom, 2. linpenetroMity ; 3. Jnertui; 4. Diimhility , o. Pmosity, 6, Coin- 
piessihhty, 7. Elastiaty , 8. Eapamibilify. 

Observation teaches us that the abo^e mentioned properties are jiossessed b\ 
tv»r\ substance, without <\coption, whilst of the numerous distinetne marks 
which we peicene in e\oi} mdiMdual object, the greatei pait of tliem art 
()bsciv(d only in jiaiticular objects, and aie, theicfoie, called ^j^eaal piopdtics, 
IS loi txamjile coloui, form, &c. 

7. As matter occupies a ceitain poition of >pace, it must be possess d of 
mifjnitud(*, and in describing ph}sical phenomena, we have so frequenth U) 
icl(.i to it, that it ajipears to us desnablo to jioint out heie the iiKans of 
iiiiMiig at a correct idea of magnitude, oi, in othii ivords, of measuring it. 

If w e follow magnitude^ onl} in one unchangeable direction, as a straight 
line, the nnansof determining it is called a measure of length. It will 
i( ulilv seen that it is of the greatest mipoitance for scientific obsenation, is 
will is foi coiwmeice, to jiossess a unnoisal, unchangeable measuie ot length, 
and it IS puticulailv important to deteimine the unit of the measiue of kneth 
111 such a manner, that in tlie event of its being lost oi falsified, it can easil} U 
iguii found. 

Nvciil sciintificmen inFimieweio commi'^sioned to discover a unit of 
length Aftei having most accuiat(l> measiiud the fouith-pait of the hugest 
Click pasMiig thiough the jioles of the eaith (the niciidian), and divickd it 
into tin millions of equil ]Uits, thev adopted one such pait as a measiue of 
hn^thand called it a mUtr, The length of the metoi is 39* 37079 English 

iiiclu s. 

Ihc me til IS divided into smaller paits accoiding to the following plan — 

Mttti, M Deumetir, Din dntinieUr, cm Millunotpr, Mm 
1 = 10 = ^0 = 1000 
1 = ^10 = 100 
1 = 10 » > 

Heie, theiefoie, the millimetei is the smalkot measuie, and having liecii 
once deteinniud, it mav be coiiveniontl} emplo>ed foi the compaii&oii of other 
measures It is equal to vei} neailv English inch. 

In most otlui countries the unit of measure is tlu foot whiih is dnided into 
tenor tweUe inches. In England the iiuj renal vaidof 5o inches, or thn e 
feet, lb the legal standard df^eiiigth. 
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The itich is divided into ten or twelve parts, which are called lines : — 


CoMPAiiisoN of Measures of different Countries. 


England - - - - 



Foot. 

1 



Inches. 

12 



Lines. 

144 

Millixnetcrs. 
= 304 

Prussia (Rhenish foot) 

- 

- 

1 


12 

= 

144 

= 

313 

Parisian or old French foot 

- 

- 

1 

= 

12 

= 

144 

= 

324 

Austria - - - - 

- 


1 

— 

12 


144 


310 

jliHesse Damstidt 

Saxony - - - - 

- 

- 

1 


10 

= 

100 


250 

- 

- 

1 

= 

12 

= 

144 

= 

283 

Frankfort-on-th(*-Mjune - 

- 

- 

1 

=r 

12 

= 

144 

= 

284 

Brunswick - - - 

- 

- 

1 

= 

12 

= 

144 

= 

285 

'-Wurtemburg and llamburij 

- 

- 

1 

= 

10 


100 

= 

288 

Electorate of Hesse - 

- 

- 

1 

= 

12 

= 

144 

= 

287 

Bavin ia - - - - 

- 

- 

1 

— 

12 

= 

144 


291 

Hanover - - - - 

- 

- 

1 

=: 

12 

= 

144 

= 

292 

Bjvleii - - - - 

- 

- 

1 

= 

10 

z= 

100 

z= 

300 


Those inoabures which are divided ^nto ten equal parts, as the meter, are 
calle<l decinuil measures^ as fig. 1, which is a square inch divided into ten 
&(piare lines, and lig. 2, which represents a cubic inch divided into cubic lines. 



Duodecimal measures^ which are most commonly used in tliis country, are 
divided into twelve equal parts. A square foot is a plane measuring twelvt* 
inches in length and in breadth, whilst a cubic foot mt^asures twelvi* inches in 
lejigth, breadth, and depth. 

8. The occupation of space by matter is rendered manift‘st to us by its 
impenetrability. In the same space which the earth occupies there can be no 
olhef celestial body at the same time, and daily experience teaches us, that in 
the sj)ace occupied by a inoiinta^ a tree, or by our own iKxlies, no other 
material substance can be simultaneously present. 

The imjA3(Iimonts we should encounter by moving forward in one direction, 
result from the impi nc'trability of the substances we meet with in our way. 

The air likew'ise occupies space ; it is impenetrable, and is, therefore, con- 
sidered as a body or a portion of matter. This requires a more |X)sitive proof. 
If we immerse an ordinary drinking-glass, with its opening downwards, in 
water, no water will enter the glass, however deep we may immerse it. This 
depends ujion the impefietrahilUy of the air contained in the glass, which does 
not allow the water to occupy its place. The possibility of descending to a 
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great depth in the sea, by means of a diving-hell, depends partly np<M 
impenetrability of the air which it contains. 

A vessel which, in common language, is called empty, is, in reality, not 
empty, but filled with air; and it is not until this is displaced, that we can 
introduce* another body, for instance, water, into the space which the air 
previously occupied. 

All kinds of matter do not offer an equal resistance to the motion of our 
bodies, but we perceive, in this respect, a great difleronce. For example,* 
those objects which we term solid are much more difficult to displace than 
those which are liqmd : and in the case of gtiesoiis bodies we scarcely feel that 
they oppose a resistance to our movements; they are mobile in the highest 
degree. Matter, therc'fore, presents itself in three different states, which are 
callt*il states of aggregation, namely, solid, liquid, and gaseous. These we sliall 
shbsequently consider more minutely. 

9. It has been shown that matter presents to us various phenomena only 
when influenc(*d by the forces of nature* : when it is uninfluenced by any of 
these forces, and remains in a state of rest, iU condition is called its inertia. 
As this general property of matter is most remarkably displayed by the ])he- 
nomena of motion, the consideration of it will be discussed more minutely 
when we treat of motion generally. 

10. All substances may be dhided into small paiticles by suitable means. 

►Stones and grains of corn may be ground U) fine dust, or flour; metals 
reduced to small particles by means of files, beaten into thin leaves by the 
hammer, or drawn into wiresi finer than hairs. Water contained in a vessel 
may be easily divided into single drops, anti each drop may be spread over a 
large surface by a brush. The surface tlius moistened becomes dry after a 
short time, owing to the evatX)ration of the water, which is converted into 
extr(*mely small jiarticles, no longer perceptible to the eye. , 

JjmsUjility is, therefore, a general property of bodies : their division js 
eflectod either by the proper implements, in w'hich case they suller mechanical 
division; or by natural forces, when they are said to undergo physical 
division. 

The extent to which divisioi^ may be carried is best shown by examples. 
The little line (-) shows the lengtlx measure, which is termed a millimeter, 
(See § 7.) The silk-worm spins filaments, 100 of wliich must be placed side 
by side to occupy the space of a millimeter (about inch). But metals 
have been ilrawn out into wires of such fineness, that one hundred anil forty 
of them have together only the thickness of one silk filament, and twelve 
hundred of them placed together occupy the space only of one millimeter. 

Bodies miiy, however, be divided to a niuch greater extent by physical 
means. If, for instance, a grain of salt bo dissolvetl in a glassful of water, every 
drop of thi* solution that can be taken u]) on the point of a needfe Contains a 
particle of the salt. 

However minute are the particles into which matter may be divided, w'e are 
led to infer, by a number of phenomena, that the divisibility of matter cannot 
be continued ad injinitum, at least not with the means and natural forces at 
our command. 

Every substance is, therefore, assumed to be an aggregate of smaller parti- 
cles, which we term atoms ov molecules. We have glasses mngnif} ing from 

u 3 
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1|200 to 1,600 times, but chemistry teaches us that the atoms must be still 
less than the smallest particle visible by means of these glasses. 

If tins View be follo>\ed out, must conclude that the mass of a body 
depatds on the numbei of its atoms, and that its piopeities aie dependent on 
the constitution and aiiangement of them. 

We^ishall have oppoitimities of seeing these conclusions more or less con 
firmed, by lesults ai rived at in the study of Natuie. 

11, The snnll openings in the skin, thiough which the perspintion 
escapes, aie teimed potes. Hence all IkxIics that aie ea&ilv penetiated b} air 
or water aie teimtd/ioioite, and as most bodies possess this property, we class 
porosity among the general jno])eities of mattei. 

Sponge, wood, anel ehaicoil, bi( id-eiumbs, aie veiy porous bodies, 
the numeious ind luge jxiies thiy con tun nia} be ]ieiccivfcd at a glimt , but 
the porostv ol othei bodies is only pirceptible undei ceitun ciicumstaiitts. 
If, for instance, hollow bills, constiiicted of gold, non, or otliei dmso metals, 
be hlled with watu, closed tightly and submitted to gicat piessiiri, the watei 
will exude m smill diops tliiougli tlu ]>ores of tlie metal 

Glisa, ind 1 few othei substance do not admit the pissage of air and watei 
iindei anv ciieuiustancos Although theie maybe leisons foi Ulieving even 
'these substances to contiin intiistices or pores, still it is custom iry to consider 
only tho^e bodies is jioiou^ tint possess, under ordinal) circumstances, the 
abov e-nanied piopei ties. 

12 It miv be concluded, tioiii the foiegoing lemiiks, tint tompressibility 
ilso belongs to the gcneril piopcrties of mattei. Foi, whenever a miss of 
mattu contains spices or intentms, it is capable of compression, piovidid vve 
hive at comnnnd the lequisite amount of foice to effect it Indeed, no body 
has as vet been di^coveicd that could not be made to occujiy a smillcr space 
b) the ajiplicatioii of prcssun . 

It Is obvious that the density of i bodv will increase in piopoition to th< 
iniount ot \ lessure to w hicli it is subjected, and that the u sistanu offered by 
a body against firthei compio'^sion incieises piopoitioiutcly to the mcicasc of 
the piessure ajiplied. 

The air is indisputably the mo4 compressible of all bodies, while it is sin 
gulii that water and othu fluids cm onl} be compressed to a veiy snnll 
extent If, for example, 20 cubic inches of watei weie intioduccd into i 
( innori, tlu sides of whicli wur time iiuhes thick, and in dtU nipt wtic made 
to coinpuss the watei into a spicc of 19 cubic inches, the (annoii would burst 
befoie this c<jinpKsbioii could be < fleeted. 

Vciy poious bodies nituiall} admit of considerable compicssion, but metils 
likewise occupy a much smaller spice when hanimcicd oi coiiud, and even 
gliss«niay be compressed to a ceitam extent, hence it must likewise contain 
]X)res, thdhgli they are too nuiiute to lie visible, • 

13 When a Ijody is compressed by the application of an external force, its 
jiarticlea will evince a tende nev to u sume their oiiginal position, 1 he t( rin elas 
tmty has been given to this pro^icrtv , and the bodies aie theiefore called elastic* 

This property is jiosscssed by bodies m veiy difteient degrees A certain 
(quantity of air, to whatx ver ext* nt and however frequently it mav be' com- 
pressed, will alvva}s return to its original volume, immediately tlie piessure is 
removed. Air is, tht refore, perfectly elastic. 
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Amongst the highly elastic substances may be mentioned caoutchouc, 
and liairs, whalebone, many kinds of wood and metals, and particularly steel; . ! 

In many substances, such as fluids, clay, &c., elasticity is scarcely perce^ 
tible, or at least only under peculiar conditions : such bodies as these aie, on 
the contrary, termed ru^irefastic. 

If an ivory ball be laid gently on a marble slab, coated with lamp-blsck, it 
will only receive a small black speck at tl)e point on which it rests on the slab. 
But if the ball be allowed to fall from a height upon the slab, it will receive a 
round black s])ot, increasing in size proportionately to the height from which 
the ball falls. This experiment proves tliat the ball is flattened at the moment 
it touches the slab, but that, being elastic, it immediately regains its spherical 
form. The bow, the cross-bow, and the projectile apparatus of the ancients 
owe their power to elasticity. This property is most extensively made avail- 
;tl:)le in mechanics, and it is especially the elasticity of wires and strips of brass 
and steel, termed springs, which, as a moving power, are very generally em- 
j)loyed. Suvjh springs are used for gun-locks, door-locks, and pocket-knives ; 
and it is the spii'ol springs which give to some kinds of sofas and beds their 
elasticity ; carriages also owe their easy and characteristic movement to springs. 
The importance of elasticity, however, will be more readily understood, when 
we show, in the following pages, that watches and clocks can be set in niotiorf 
by sppngs without the use of weights. 

14. By expansibility of bodies we understand their property of increasing in 
size, and consecjuently of occupying a greater space when they are heated. 

The sjiace occui)ied by a body may be assumed to increase proportionately 
as the latter is heated. 

Expansibility is, therefore, observed most distinctly, and to the greatest 
extent, in many of those substances which are not destroyed by th^* highest 
temperatures wo can subject them to, as is the case with air and One 

cubic foot of water, when completely converted by heat into vapour^occu])ies 
in that condition a space of 1,400 cubic feet. 

Classification of Physical Phenomena. 

15, As physi(’al phenomena are very numerous and various, it is expedient 
to class them into larger groups. It is evident that the characters of these 
groups can only be perfectly understood when we are familiar with their con- 
tents ; we shall, therefore, limit ourselves at present to a brief ox|X)sition. 

TIio first grouj^ embraces those phenomena only, the ultimate cause of which 
is the mutual attraction existing between the particles of matter. 

Ill the second group are comprised the phenomena, arising from a jieculiar 
motion, which we term vibration, 

'Fhe third group consists of a series of phenomena, bascKl on the existence of 
certain cuiTents, of which we shall sjieak farther at the proper places 

This arrangement will be rendered more intelligible by the following table : — 
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I. PHENOMENA OF ATTRACTION. 

^ smallest particles of matter attract each other mutually. Tliis 
inherit power is, however, displayed in three ways, diftering considerably 
from each other. 

In first case only those particles attract each other which are in imme- 
diate intact, a more or less powerful connexion being thereby established 
betw^n them, whence this kind of attraction has received . the name of 
Cohesion, 

^ Secondly, we have to deal with the mutual attraction of |iarticles, even when 
they are not in actual contact, and, indeed, when they are situated at a great 
distance from each other. This power is called Gravitation or Gravity, 

By the third kind of attraction, which is termed chemical attraction, or 
affinity^ the properties of the cohering particles are altered ; these phenomena 
form a particular branch of natural science, termed Chemistry. 

I. Cohesion. 

17. A more or less tx)werful resistance is always met with in the endeavour 

to separate tlie particles of any substance from each other. We ascribe the 
adfiesion of these particles with a certain strength to a peculiar kind of attrac- 
tion, to which the name Cohesion has been given. " 

Tliis power has been found, upon closer examination, to possess the pecu- 
liarity of being called into action only at immeasurably small distances. 

If wood, metal, or glass be broken, the cohesive power is destroyed at the 
fractures, and cannot be restored, even if the two surfaces be ].)lacc*d close 
together very carefully. It is only with bodies the particles of which are ex- 
ceedingly mobile, such as fluids, that the disjointed surfaces can come into sufli- 
ciently close contact to be made again to cohere. 

The force with which the particles of a body cohere is entirely dependent 
upon heat, the existing cohesive force decreasing proportionately to the increase 
of temperature. 

Assuming the entire matter composing the earth to be several thousand 
times hotter than boiling water, the attraction between the particles of matter 
would cease altogether. If, on the contrary, the temperature of the earth were 
a few thousand times less, all particles of matter would cohere so ]X)Werfully 
that it would be impossible to separate them by mechanical #ieans. 

The state of things at the ordinary tem|)erature of our earth, however, is 
very different. Substances are met with the particles of which can be sepa- 
rated only with difficulty ; these are termed solid substances. Of others, the 
particles may be easily separated, or their position altered; such bodies are 
called fluids.^ P'inally, there exists a class of bodies, whose particles are so far 
removed from each other by heat, that their cohesion apjiears to be entirely 
saspended ; these are the aeriform bodies, or gases. 

18. Next to heat, the arrangement of the particles of matter exerts its 
influence over the force of cohesion. Wood is known to bo more easily cleav- 
able lengthways than across the fibres ; cast-steel is more brittle than wrought- 
steel. 

Such expressions as are commonly used to denote the various degrees of 
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cohesion, as hard, brittle, tough, soft, ductile, plastic, semi-fluid, fluid, &C,y < 
need no farther explanation. 

It is of importance, for many pur[)oses, to be able to compare the |»wer 
with which various bodies maintain their cohesion. To attain this end, pieoias* 
of the substances, of equal length and thickness, are loaded with wei^ta, 
which are gradually increased, until the Ixxlies break. The cohesiou Js of 
course the greater the more weight that is required to overcome it. 

Thus, for example, 120 lbs. are required to tear asunder an iron wire of 
-giy inch diamett^r ; wires of equal thickness, made of the following metals, 
re(]uire the weights mentioned with each to overcome the cohesion of their 
})Qrticles : bar iron 90 lbs., steel 60 to 80 lbs., cast-iron 28 lbs., brass wire 
60 to 120 lbs., copper wire 42 lbs., lead wire 2^ lbs., glass tube, or rod, 
5Jbs. 

19. A great peculiarity in the cohesive force of bodies is its continual ten- 

dency to arrange the ultimate particles of matter with a certain regularity, so 
as to produce bodies limited by planes, edges, and angles, which we term 
crystals. Salt and sugar-candy are well-known examples of the result of this 
])ro})orty. , 

There are a number of causes, and more particularly some other natural 
forces, that exert an influence adverse to the formation of crystals. Hereafter 
we shall make ourselves better acquainted with the conditions necessary 
crystallisation. 

20. If two smooth and even plates of glass or metal be laid upon each 
other, they will adhere together with a certiiin amount of force, so that the 
lower plate may be lifted up by means of the upper one. 

Observation teaches us tliat, in general, when two bodies come in conUict 
with each other, they will cohere with more or less force. 

This ])henoinenon is explained by the attraction exercised by the [)articlos 
ol* tlii* surface of the one body for those of the other body. This attraction 
increases in strength, therefore, in proportion to the number of particles that 
come into contact with each other. Indeed two balls that touch only at one 
]K)int have no perceptible attraction for each other, while plates will adhere 
together with a strength increasing proportionately t6 the size and smoothness 
of their surfaces. 

The attraction thus exercised on the surfltccs of two diflerent bodies is 
teniKHl adhesion, and likewise exists only at influitoly small ilistances. This 
attractive force is not confined to s^flids alone, but is exercisetl between solid, 
fluid, and gaseous bodies, particularly air, which adlieres with great obstinacy to 
the surface of solid bodies. The adhesion of fluids to solids is termed xcetting. 
Painting, white-washing, pixstiiig, glueing, cementing, &c., are instances of the 
application of adhesion to practical purposes. 

21. On the other hand, it is remarkable that many fluids do not adhere 
eitlier to solids or to other fluids. If a glass rod be dipped into water or oil, 
some particles of each liquid will adhere to it ; this w^ould not be the case 
with mercury. If the rod be coated with grease previously to immersion, no w'ater 
will adhere, since oil and water do not mix. In fact, the oil and water, or the 
mercury and glass, not only appear to be devoid of this attraction, but to 
]>ossess rather a re]nilsive force, which is ascribed to a particular powder, termed 
repulsion. If, however, the mutual cohesion of the particles of w’ater and oil 
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be assumed as exceedingly great compared with the adhesive power of the one 
liquid to the other, the above phenomena may be explained without the neces- 
sity of assuming any repulsive force. 

22. If, therefore, a glass- tube be dipped into 
water, and another into mercury, the two liquids 
in the tubes will not exliibit perfectly plane sur- 
faces; the water ascends the sides of the glass- 
tube, by virtue of its attraction for the latter, a con- 
ciive surface being thus produced, as shown in fig. 
S ; while the mercury, which possesses no attraction 
for the gla§s, forms a convex surface in the tube (fig. 4). 

If this exj^riinent be made with very narrow tubes, 
the water will not only rise at the sides, but in the 
entire tube ; wlnle the surface of the mercury inside tiie 
other tul)e will l)e lower than that of tlie merciuy out- 
side (figs. 5 and 6). 

Very narrow tubes are called luiir or cajnllary tubes, 
and the force with which fluids ascend these tubes is 
termed capillary force. 

The narrower the capillary tubes, the higher fluids ascend in them, and it is 
iiijiiaterial of what substance tliey arc, so long as the surface is moistened by 
the liquid Gm})loved. Hence porous bodies attract and reUiin fluids with great 
force, as the pores may be considered as an infinite number of irregularly 
aggregated capillary tubes. 

Similar ])henoinena are exhibited by white sugar, wo(xl, sandstone, or even 
a heajj of sand or ashes. Walls and porous stones that are situated on damp 
ground always remain dam]). A hea]) of dry sand under the same circum- 
stances will become ra])idly saturated with water to the very top. '^I’he 
proj)erty of lamp wicks and filtering paper of absorbing oil and water, and a 
number of other phenomena, may be explained by the same kind of attraction. 

II. Guavity (Guavitation). 

23. Gravity is the mutual attraction between diflerent jjortions of matter, 
which acts at all distances, and the force of which corrcs[)onds to the mass of 
the attracting bodies. 

Let us su})pose the two ball* A and B (fig. 7) which are of equal magnitude, 

7. 

and therefore attract each other with equal force, unless influenced by any 
other o])])Osing force, it is evident that lx)th balls, following their attraction, 
will a})])roach each other with equal velocity until they come in contact at the 
point M, which is exactly in the centre of their original distance. But if, as in 
fig. 8, the ball B is as large again as A, the attraction that B exerciscis towards 
A will be double that which A exercises towards B ; and as tlie two balls 
aj)proach, A will advance with double the velocity of B, and conse({ueritly 
pass over doul)le tlie distance. Both balls must therefore meet at the point 1), 
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which is situated at one-third of the entire distance. We thus see that the 
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smaller ball ])asses over the greater distance, and this is even more evident 
when the diflereiice in the size of the two balls is still greater, as in fig. 9, 
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where A is supposed to be equal 1, and B equal 100. In tliis case the motion 
of B is so small that it apparently remains at rest while the smaller ball A 
advances with great velocity to the greater ball. I'his atlbrtls us an explana- 
tion of one of the most common phenomena, namely, the falling of IxHli'ji*, 
since, all bodies (‘xisting on the sm-face of the earth are comparatively exceed- 
ingly small, and are attracted by it with considerable force. Hence, gravity is 
the cause of the falling of IxkUcs, and observation has shown that when the 
time a body occupies in falling amounts to a second, it passes through a spjice 
of 1 5 feet. 

If a heavy body, for example, a leaden laillet Ik? sus])ende(l to a . 
thread, it will certainly not be able to fall, but will draw the thread / 
in a position which indicates the direction of gravitation (fig. 10). 

This ])osition is termed vertical^ and the simple instmm<Mit whicli 
serves to indicate it is called a j)liiinmet. d'ho direction which 
intersects the vertical line at right angles is willed the horizontal di- 
rection. The surface of wakT when at rest is alwavs in a horizontal 


position. . 

24. If we suppose tin* directicai which a plummet takes to be 
prolonged, we obtain a lino exU*nding to the centre of tlie earth, and _ 

as this is the same at every point of the earth’s surface, the entire 
attraction of the earth E (fig. 11) appears to be conceiitratiHl at the centre c. 
Every object on the surface of the earth is, therefore, situated from the centre of 
gravity at a distance 
eijual to the railius r of 
the earth, and is there 
attracted with a force 
j)rixlucing a velocity in 
falling bodies of 1 5 feet 
in a second. The at- 
traction is not (*qual at 
greater 'distances from 
the eartlii duit l>ocomos weaker in j)ro[K)rtion to the distance of the iKxJy 
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att»acfced, from the centre of the earth. This decrease in the force of gravity 
follows a particular law, which may be expressed as follows : the force of 
gravity in the distance 1 from the centre of the earth being represented by the 
space of 15 feet, two is equal to y, three to and four eqiml to -J-J-, &c. 
The of gravity at any distinco from the earth may be expressed by a 
fiactim irhose numerator is 1 5, and the denominator of which is obtained by 
multipij^g the number of the distance by itself ; or, more shortly, tive gravity 
! decrecises in proportion to the square of the distance. 

^ It may be now imagined that, on very high mountains, the space through 
which a body is carried in a second, by tlie force of gravity, would be less 
than 15 feet. But the highest mounti\ins on the face of the earth are too small 
in size, when compared to the latter, to have any ])erceptiblo influence over the 
velocity of motion resulting from the force of gravity. 

25. As gravity has equal influ(*nce over one ])article of matter as over 
several together, all bodies must fall with e(iual velocity, howevta* large or 
small they may be. 

A piece of paper, a feather, or a straw, arcs however, observed to fall less 
rapidly than a stone or a leaden ballet : the only reason of this is the greater 
resistance of the air against the former; if, therefore, the above-named bodies 
were to be placed in a vacuum and allowed to fill, they would all do so with 
enual velocity. 

26. The motion of a falling l)ody is continually accelerat'd ; for if we 
assume a lx>dy to receive, through the force of gravity, a certain velocity for a 
particular period, it will retain this velocity unaltcTed for every succeeding 
jK^’icd. even if gravity had no longer any influence over it. Wo know, how- 
ever, tliat the latter continues to exercise its force* and to increase the v(*locit} 
of tlie motion unceasingly. If, therefore*, a body falls 15 feet in the first 
second, the distance it travels in the first half of that time must necessarily bi* 
less than that which it describes in the sc*coiid half, and at the end of the 
second the velocity of its motion must be greah*r than at any preceding time. 
Hence it follows that a body must attain a rapidly increasing velocity for every 
succe<*ding second that it falls ; according to a law establisheil by calculation 
as well as observation tlie space through which a body falls in a certain numl)<*r 
of seconds may be found by squaring the number of seconds, and multiplying 
tlie result by 15. The law of falling Ixidies must theri*fore bo ('xpressed thus : 
the space through which a body falls increases in proiiortion to the square of the 
time it occupies in falling. 

If a stone be thrown into a well, and four si‘conds elapse befon* it is heard 
to touch the bottom, the depth of th<* well will be 4x4x 15 = 240 feet. 

Thk Pknouluai. 

27. A lieavy body, such as a ball or disc of metal, fastened to the end of a 
string, n*presents a pendulum. 

If we bring the j)enduluni from its vertical position or equilibrium, f e, fig. 
12, so that the ball be situated at 6, and then leave it to itself, it will fall to 
the point /, and then rise on the opposite side to a, which is situated, almost 
imperceptibly, lower than h. When the ball has arrived at a it will again fall, 
and rise once more on the other side, without, however, reaching exactly to 
the point h ; and thus the motion, which is termed the oscillation of tho pon- 
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dulum, will continue, each oscillation being slightly less than the preceding 
one, until at last the pendulum will be once more at rest. More accurate ^ 
observation shows that oscillations of the pendulum are dependent upon glUvity, 
and are only slightly chang(Kl motions of falling. Attracted by the eai^, on 
the one side to h, and on the other side maintained in one unchangeable distance 
from the ])oint of suspension by the thread, it is drawn by these two forces in 
a circular course in which the pendulum, according to the law enunciated at 
§ 2()V falls with increasing velocity towards the lowest jioint 1. The piiendulum 
would n^main at re&t in the position f 7, which is the direction of gravity, if it 
had not acipiired a certain velocity liy falling from h to 1. With this velocity, 
continually diminishing by the hiHuence of gravity, it now rises on the other side, 
until it is overcome, when the ])endulum iigaiii begins to fall from the jxiint a, 
\yere it not for tlu* friction at the ])oint of susjieiision, and the resistance of 
the atmoft])here which together brings it at last to rest, the oscillations of the 
^lendulum would continue for ever. 

Souk* laws concerning the oscillations of the /• 

pendulum have been deduced, of which the : \ 

most imjiorttiiit iioints are expressed in the j \ 

following : — 

(1.) The single oscillations of one and thi‘ / : 

same j)endulum are of eqiKtl duration^ whether 
the rise be great(*r or sin<illi»r, sujiposing that 
the arc a b does not amount to more than five ■ 


degr(*es. i : 

(2.) Two pendulums of equal length perform | 

an etjual number of oscillations in the same 

(13.) Ti\o ])enduliims of une<|ual length per- ^2* 

form an unecpial number of oscillations in the same jxjriod, the longer pendulum 
perlbmiing the smallest iiumbcT. 

(4.) One and the same jx^ndulum always makes in a certiin time the same 
number of oscillations, when the force of gravity acts in thi* same manner and 
with equal powder. If w'g w'(*ix» abk* tt) jilace the &anie ])enduluin, which on 
the earth inakt»s in a dolinito time a certain number of oscillations, upon the 
moon and the sun, and there observe it, it w^ould make in the former fewer and 
in the latter many mon* oscillations, since the moon i‘xerciscs fifty time's k'ss, 
and the sun nearly one and a half million times gri*ater, attraction than the earth. 

28. These laws have led to applications of this simple instrument, wduch 
render it one* of great importance. In the first ]>lace, the ])c»ndulum s('r\cs in 
clocks to ri'ctiiy the uneejual motion which is ]>roduced eithiT by weights or 
sjirings, and likewise to furnish a measure of definite and unalterahje length. 

21). The seconds' pemhdum is one that descrite exactly sixty oscillations in 
one minuh', eacb oscillation having the duratuni of a second. It is obvious, 
from what has just now been stateil, that this pendulum must he of a cerUin 
length ; for if it were too short it w^ould describe more than sixty oscillations 
ill a minute, and a smaller number if it were longer. 


Hence the secoinls’ pendulum of any particular place may be used as a certain, 
invariable nu'asure of length. In Paris this pendulum must have exactly the 
longtii of three Parisian feet and eight lines. It is, tliereforo, only two and 
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tw^thirds lines shorter than the meter. In London the length of the seconds’ 
pendulum is 39 U 3929 inches. 

^SO^The observation that one and the same seconds’ pendulum did not perform 
an equal number of oscillations in one minute at all parts of the surface of the 
earth» created a groat deal of surprise amongst philosophers. On taking the 
Parisian seconds* pendulum, three feet eight lines in length, to the equator, for 
instance, it was found to perform a smaller number of oscillations than sixty in 
one minute, whereas, in the neighbourhood of the North Pole, it performed a 
Idiger number. 

As the movements of the pendulum are dependent on the force of gravity, 
and as the latter force decreases (§ 24) as the distance from the centre of the earth 
increases, the observations with the pendulum led 
to the conclusion, that a point at the equator 
must be more distant from the centre of the earth 
th<in a point at the poles. Hence the ('arth can 
- be no jierfect sphere, but appears to be somewhat 
depressed at the poles, as sl'own at fig. 13. Th(» 
diameter of the earth at the eejuator is 7935 mih's, 
at the jiolcs it is only 7900 miles. The centri- 
fugal force which the earth receives from its revo- 
lutions, likewise contributt‘S to the decreasing of the 
o-^i illations of the pendulum at the e(j[uator. 

WCIGIIT. 

31. As every yiarticle of a body is attracted by the earth, it must necessarily 
exercise a certain amount of pre.NSure iqion any support on which it may be 
placed. Th(* total jiressure of all the particles of a body on its hmzontal 
support is termed its weight. Hence the gn'ater the nmsfi of a body (i. e, tjie 
larger the number of ])articles of which it consists) the greater is its weight. 

The massi's or weights of two bodies may be compared by siNjionding them 
toUhe two ends of an equal-arme<l lever. If the latter remains in ecjuililirium, 
the weight of the two bixlies is equal. If the two weights are unequal, the 
heavier one is denoted by an inclination downwards of that arm to which it is 
susiiended. 

An arrangement of this description for the comparison of weights is termed 
a balance. 

32. By weights are also meant the various units of masses, em])loyed in 
different countries to weigh w ith, i. e. to determine and express the masses of 
bodies in g(*neral. 

The gramme (15-J grains) is the comjiarative unit of w’(‘ight most generally 
empl6yed iq scientific researches. It is represented accurately by tlu* amount of 
water, at a temperature of 4° C. (39 ’2 F.), required to fill a vessel in the form 
of a cube, whose sides are one centimetiT (O’ 39 inch) in length, and which, 
therefore, contains one cubic centimeter (0 ' 61 cubic inch) of water. 

If, therefore, a certain substance is said to w’eigh 80 grammes, we mt^n 
thereby, that if it be placed in one pan of a balance, 80 cubic centimeters of 
water will be required in the other jmn to maintain it in equilibrium. It is 
obviously far more convenient to substitute for the water small pieces of metal, 
each of which corresponds exactly to one cubic centimeter of the former. 
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33. The general unit of weight in commerce is the pound. It would be 
exceedingly convenient if this weight were equal in all countries : this is, how- 4 
ever, by no means the case, as will be seen by the following table % 


1 pound IS ( 

qual to 

453 

grammes 

in England. 

1 kilogiamme 

9 9 

1000 

1 • 

Jb lance. 

1 pound 

9 9 

560 

9 y 

Austria and Bavaria. 

1 ». 

9 9 

500 

99 

Hesse Darmstadt and Baden. This is the 
pound adopted by the German Zollverein. 

I > 5 

9 9 

484 

9 9 

Haniburg. 

1 ,, 

9 9 

467 

9 9 

Prussia, Saxony, Hanover, Wurtemb^, 
Electorate of Hesse, Brunswick, and 


Frankfort-on-the-Maine. Tliis pouud is also called the Cologne light pound. 

Density. 

34. It might be expected that, on placing a cubic inch of water in onj^n 
of a balance and a cubic inch of lead in the other, these two substances wrold 
hold each other in equilibrium, their masses being of equal extent. This, 
however, is well known not to be the case ; indeed, as many as 1 1 cubic inches 
of water are reejuired to retain one cubic incli of lead in equilibrium. If mercury 
were substituted for lead, 13 cubic inches of water would be recjuired, and one 
cubic inch of gold would even require 19 cubic inches of water to maintain it 
in equilibrium. 

If the same experiment be made with one cubic inch of water and the Si«)jie 
quantity of alcohol, it will be found, on the contrary, that the quantity of 
spirit must be increased, or that of the water diminished, in order to obtain 
equilibrium. Oil of turpentine, poppy-oil, and other oils, stand to water in a 
similar relation. 

Tliesc fiicts clearly prove that diflbrent bodies contain a different number ol‘ 
atoms in an equal space. This may be easily imagined, if we conceive the 
atoms to be placed more or less closely together. One cubic inch of lead 
contains undoubtedly eleven times the mass of one cubic inch of water, and, 
tlierefore, weighs eleven times as much as the latter. Turpentine and other 
oils are, on the contrary, not so heavy as water. 

The densities of most fluids and solid bodies have been compared with that 
of water ; and the number expressing the amount that one cubic inch of a body 
is heavier or lighter than the same amount of water, is called the density or the 
spedjic gravity of the body. The following are the specific gravities of a few 
well-known bodies : — 


Substance. 

’ Cork - - - - 

Poplar wood - - 

Lime-tree wood - 
Pine wood - - 
Nut-tree wood - 
Etlier - - - - 

Alcohol - - - 
Oil of Turpentine 
Poppy oil - - 
/Ice - - - - 
■/Water- - - - 
■ Sea-water - - - 



Substance. 

Si>ecific 

Ciravily. 

Substiuice. 

Specific 

Gravity. 

0*24 

Milk- - - - 

1*030 

Chromium - - 

5-900 

0*;38 

Oak wood - - 

1-170 

Antimony - - 

6-712 

0-439 

Phosphorus - - 

1-770 

Zinc- - - - 

>037 

0-555 

Suli>liuric acid - 

1-848 

Iron (wrought J -• 

7-788 

0*677 

Ivory - - - 

1-917 

Steel - - - 

7-816 

0-713 

Sulphur - - - 

2-03 

Copper (wrought) 

8-878 

0-793 

Quartz - - - 

2-6 

Bismuth - - 

9-820 

0*872 

Basalt - - - 

2-66 

Silver - - - 

10-474 

0*929 

Bottle-gljuss - - 

2-60 

Lemi - - - 

11-852 

0-916 

Granite - - - 

2-80 

Mercur}' - - 

13-598 

l-OOO 

I Diamond - - 

3*52 

Gold - - - 

19-325 

1«026 

Heavy spar - - 

4-426 

Platinum - - 

22-100 
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36. The advantage to be denved from a knowledge of the above numbers 
may be easily proved. 

instance, as every substance invariably possesses a uniform density 
under equal conditions, we ariivc at one of the most impoit.mt mean> of recog- 
nising a body. In pui chasing pure siKer, each cubic inch should weigh 5*237 / i 
ounces. Should its density be less, the silver ma} be assumed to contain 
copper ; if it be greater, lead may be piescnt. If a structuie of oak weighs 
1,170 lbs., a similai one, of exactly the same cubic contents, made of deal, 
would weierh only 555 lbs. A botde, capable of containing 10 lbs. of water, 
will hold 18 lbs. of sulphuric acid, the latter being neaily twice as heavy as the 
formei. 

In e\er}-dav language those bodies are teimed lujlit th^ occupy a compara- 
tiv^y large space and contain a small amount of mass, as, for instance, c^rk, 
and seveial othei substances. 

Air IS fu Iightei than all solid and lu[uid Ixwlies. It will be seen hereafter 
in what manner the density ot gaseous Ixxiies is determined. 

III. Equii iBiiiUAi AND MonoN. 

16. A bod) Is Slid to be in motion when it occnjaes ddlerent positions at dif- 
ferent times. It must thus continually change its ])laco in i elation to sunounding 
objects, and this enables us to lecognisc the motion. The hand ol the clock 
tiavcises fiom numbci to numbei, the shi]) jiasses b) valle)s and hills, the 
railv\a\-train hunies tlirough town and counti) , — these bodies .uc in motion, 
since wc obseivc that tlio pass b) neighboui mg objects, and appioath thoftO 
w hicli an^ in the distance . 

On the otlicr hand, the might) mouiitun appeals us faxed and motionless, 
the mass of a building immoveable, and tlie tiee farinl) rooted in the ground. 
This motionless condition of a bcxl) and its inembeis lemaining alw.i)s at tlie 
same distance fioni surionnding objects we call 

,17 Fiom what has been said it is csstntial to the perception of motion that 
cci tain objects should ajijx ar «is being at rest beeausi if all objects w ( re moving 
at the same* velocit) , they would all appear to Im at rest, since then lelativ* 
position would leniain unclwngcd, as we j)c‘rcei\e by gi/mg at the stxr- 
bespangled heavens, the mountains, foiests, and town«i, on the suilace of tin 
earth 

But observation teaches ns that all the heavenly bodies, even the fixed stars, 
which b) reason of thnr inconceivable distance apjicai to us as being motion- 
less, are in periietual movement, and we may with safety assume that ne>t 
a «iingle jinticle of the univeise is ever at peifcct lest We know b) the 
daily lotation of the earth, that mountains, forests, and cities, jiaitiejjMtc in 
this moti6nt 

Th^»re is hence no absolute but only relative rest. When trave lling in a 
vessel, oui bodies, in i elation to objects mimediatcly surremnding us, as the 
masts, tables, and chairs, ma) be at lest, whilst a single glance at the objects 
on the bhoio which one» by one disappear fiom oui view, convinces us that the 
vessel and all it contains are in rajnd motion. 

38. If we inquire into the causes of motion, they are nuraeroito. The 

force of gravity is the only, or at lea->tco-oj)orating cause of most phenomena of 
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motion. Other moving powers are electric and magnetic attraction, the influence 
of heat, and finally that power by means of which men and animals are enabled | 
to set in motion not only their own bodies, but also other objects, and which 
cause the peculiar vital phenomena in plants and animals. But for the general 
consideration of the laws of motion, it is quite immaterial on which cause these 
motions dej)end. 

39. As tlie first and most important law of the science of motion, or me* 
charucs of inanimate matter, is the following : — 

1. A body at rest cannot impart motion to itself, 

2. A body in motion cannot by itself change or annihilate this condition of 
motion. 

Both these principles convey a more accurate expression of the inertia of 
matter, already alluded to in § 9. 

40. If any body be set in motion, it would, according to the second principle, 
continue the motion imirarted to it unim|>aired ad infinitum, as is actually the 
case with the heavenly bodies. But within the sphere of the earth’s influence, 
w<' cannot impart to any object such a continuous motion. If, for example, we 
fire a ball, with the strongest charge of powder, into the air, or roll it over a 
smooth surface of ice with a velocity the eye can scarcely follow, its motion 
will become gradually slo\ver, and at last cease altog(‘ther. In both cases the * 
ball does not of itself come to a state of rest, but there are other forces, such Us 
the resistance of the air and tlie attraction of the earth, which put an end to the 
motion. 

41. In the farther consideration of motion, we ha\e first to consider its rela- 
tion to bj)ace and time, namely, its direction and velocity. 

The disfcinw from the point at which the motion of a body begins to that 
where it c(‘ases, is termed its way, or course, and the line which indicates this 
way is calh*d its direction. This is either a continually unchanged straight line, 
or it is a crooked line. The circular motion which the points of a body describe^ 
around itself is called rotation, 

42. By a comparison of the distance with the time which the body requires 
to describe it, we arrive at the velocity of motion. 

There is a great variety in the degrees of velocity. For instance, the minnte- 
- hand of a watch describes the same distance in one hour which the hour-hand 
accomplishes in twelve. In one second a snail travels one line, a rapid runner 
25 feet, a racM'-horse 50 feet, a gale of wind 124 feet, a cannon-ball 600 feet, 
sound 1,000 feet, and light 195,000 miles. 

43. The velocity of molecidar motion is inappreciable. We often find that 
the individual ])articles of a body descrilie a distance so exceedingly small, that 
we are not (‘iiabled to take cognizance of their motion, although we perceive the 
changes in the object which are the result of this motion. This occjirs whfen a 
body is expanded or contracted by the influence of heat, by crystallization, by 
chemical combinations, and by the development of plants and animals. As the 
smallest particles of bodies are termed molecules, the force extending only to 
those particles which are in immediate proximity and acting at immctasin’ably 
small distances, has received the name of molecular force. 

44. Investigation teaches us that velocity is either equal or unequal, 

III the case of equal velocity, the same distance is traversed in the same space 

of time, be the space ever so small. If, therefore, a body traverses a mile in 

1 ) 2 



Iplk hour, it must traverse the sixtieth part of a mile in a minute, and three 
Ib^usand nx hundredth part of a mile in a second. 

i motion requires that the moving body be under the influence of a 

,^tinuous moving power, which accurately counterbalances q)i)osiDg forces, so 
that the original velocity remains unchanged. 

The velocity of a body in motion is said to be unequal if it increases or 
decreases at every consecutive moment ; hence in the first case it is called 
increased or accelerated, and in the second decreased or retarded velocity. 

Accelerated velocity occurs when, on a body already in motion, a force acts 
continually in the same direction, as in the case with falling bodies (§ 26), and 
the descending pendulum (§ 27). In the case of retarded motion, a force con- 
tinually opjioses the body in motion, for example, as the force of gravity o])poses 
the motion of a stone when thrown into the air, and that of the rising pen- 
dulum. 

45. From what has boon said, it follows that a body which moves with 
accelerated velocity during one minute, has in th(‘ second second of time a 
greater velocity than in the first, and in the third second greamf than in the 
second second, &c. If at any ])art of the time that the body is in motion the 
accelerating force cea^jcs to act, the body continues its motion uniformly with 
that velocity which it had at the moment of*intorniption, and which is cTillcd 
its final velocity. ( )n the other hand, we understand by the term celodty, 
that velocity which a body would have if we suppose the accelerating power 
to be removed exactly in half the time the body is in motion. If a body fall 
during tlu* space of a second, it attains a final velocity of thirty feet, and its 
mean velocity is fifteen feet. If it had had this latter velocity at first, and had 
oinlinued it uniformly, it would have de>cribed the same distance in one second, 
as tlie body falling with accelerated motion would have travers(‘d in the same 
space of time, namely, fifteen le(*t. 

46. The power of a force is shown by its action. Let us suppose a strong stri]) 
of elastic steel, similar to those which are employKl for cross-bows : the farther 
the force is capable of bending tin* st(‘cl, the greater will be its ])owor. Indeed, 
elastic metallic strips are employed in the inanuficture of dynamometers, by 
means of which various powers may be com])ared, as, for example, that of men 
and horses, with weights. We aIs»o frequently judge of po\\er by the weight 
of a mass which is lifted or moved. But in the latter case we must also take 
into consideration the vidocity, two forces bt*ing equal if they imjiart to corre- 
sponding masses the oame velocity, or if the masses are in an iiivernc^ ratio to 
the velocity imparted to them. This is the case when the numbers obtained 
by multiplying each mass with its velocity are equal: for example, a mass 
represented by 4 has a velocity 2, and the mass 2 has the velocity 4. In both 
cases the product of multi jilicatiori = 8. Theiiroduct olitained by multiplying 
the mass of a body, which is moved, by its velocity, is generally called its 

^ mcmentum^r 

If a Ixxiy in motion come in contact wdth another, a blow is the result. Thus 
numerous phenomena may arise, according to the substance, the size, ilie direc- 
tion, and the velocity of the bodies in question. It may in general bo said that 
soft unelastic substances receive a permanent, and elastic bodies only a transitory 
flattening, and that a blow exercises its entire force only when diwicted against 
the centre of gravity of the object which is struck. 
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The behaviour of hard bodies when struck may be exhibited in a 
manner with balls of ivory suspended by threads. 

47. If a body in motion come in contact with a second body of equal si^e 
rest, the motion of the first will cease completely, while the second body wlf ; 
move with a velocity equal to that* of the first. If the mass of the body at r|^t ^ 
be larger than that of the one originally in rhotion, the velocity imparted to the 
former will be less than that possessed by the latter, and vice versa, A lar^ 
mass, moving with a small degree of velocity, will, therefore, impart to a small 
mass a high degree of velocity, and, on the other hand, a very small ball, 
moving with extraordinary velocity, will, if it meet with a lai'ge ball, scarcely 
set it in motion. 

Such small bodies are hailstones and shot, which acquire their destructive 
properties solely from the velocity with which they travel. 

If an object fall ])erpendicularly upon a plane s.s' (fig. 14), it will, in conse- 
quence of the mutual elasticity, rebound in the same 
direction ; but, on the other hand, if the blow takes 
])lace at an acute angle r /, the striking object will re- 
bound at an equal angle I d. A j)ractical application 
of this is frequently scKjn in playing at billiards, and in 
the ricochet firing of artillery'. 

48. Motion is not imparted simultaneously to every particle of a body, bdt 
at first only to the y)articles which are directly exposed to the influence of the 
force, for instance, of a blow. From these particles it spreads to the rest. A 
slight blow is siiflicient to smash a whole window-pane, while a shot from a . 
gun will only make a small round hole in it, because in the latter case the I 
jiarticles of glass that receive the blow are tom away from the remainder with ; 
such rapidity, that the motion impaited to tliem has no time to spread any 
fiirther. 

On this also dejiends the method of fastening a hammer upon its handle, by 
knocking the latter on the ground, and the well-known trick 
of placing a small coin on a ring perpendicularly over the 
mouth of a bottle (fig. 15). If the ring be rapidly pushed 
from under it, the coin will fall into the bottle. 

49. If several forces act simultaneously iqwn fin object, 
without producing the slightest change in its condition, their 
actions completely neutralize each other, and in this aiso the 
forces are said to vmintain each other in equilibrium, or in other 
words, the body is in equilibrium. In this case it is perfectly 
indillerent whether the body be in a shite of rest or in motion. 

If a locomotive engine, proci^ing at a uniform rate, arrive at 
an ascent, ami its steam-power is increased at a raU) corre- 
sponding to this inip(?dimcnt, the engine continues its way at its previous 
speed, — both powers being, as it were, not in existence, since they maintain 
each other in etjuilibriurn. 

We must, iKAvever, distinguish this eqiulihrium of forces from the equilibrium 
of bodies, — that is, the position which solid, liquid, and gjiseous bodies assume 
under the influence of gravity, and to which we shall refer at a subsequent page. 

50. If two or more forces, not in equilibrium with each other, ai*G brought 
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l<f bear upon one body, a motion will be imparted to it. It must be borne in 
mind that a body always moves in one direction only, whatever may be the 
number of forces that arc brought into operation. 

This point may be most easily comprehended by assuming a body to be 
under the influence of two forces. In this case, the body does not move in the 
direction of either force, but in one that lies between these two directions. 
This kind of motion is termed compound^ and the line which indicates the 
direction of this motion is termed the mean or resultant. 

The resultant of two forces is easily fbund. In fig. 16 we have two forces 
acting simultaneously on the point a in two directions a x and a y. The lines 
a h and a c represent the directions and distances 
which the body would have travelled under the 
influence of each separate force. Lot the lines c r 
and h r ho dmwn from the terminating points c and 
b, parallel to the direction of the forces. The line 
from the point r, where the two lines intersect 
each other, to fl, is the mean or resultant of the 
forces a b and a c, and denotes not only the direction of the force, but also th(; 
distance described by tlie body und(»r its influence. 

Figure 17 fiimishes us with an illustration of this compound motim. A 

ship, urged obliquely across a river fiom A 
to B by the action of wind and nidder, is 
propelled, however, by the stn^am from A 
to C. If the two ])arallels B D and C D be 
dmwn, the line A D denotes the direction 
and distance which the vessel really de- 
scribes. 

From these exam})les, it will be seen that by this process a parallelogram 
is each time formed by the giv(*n lines which re])r(\sent the forces, the diagonal 
of which IS tlie mean; hence it is also called t\io jjarallelog ram of forces. 

The point to which a body arrives, mider the influence of two forces, may 
also be found by dividing the time during which they act into two equal parts, 
and by assuming that in the first half of the time one force exclusively acts, 
and in the second half the other force only is in operation. It will be readily 
seen that each given force may be substituted or decomposed by two other 
forces acting in a suitable manner. If, as in fig. 16, the two forces c a and h a 
may be substituted by their mean r a, it follows, on the other luind, that if 
the force r a be given, its action might be substituted by tlie two forces c a 
and b a, 

51. Curvilinear motions generally arise if several forces act on a body simnl- 
taneduslyTT^s, for instance, a body propelled with a certain velocity, in a 
horizontal direction is simultaneously acted upon by the force which moves it 
in this direction, and by gravity which draws it vertically to the earth. The 
course resulting from these forces is cui'vilimar^ and deviates more or less 
from the horizontal direction, according to the ratio in which the two forces 
stand to each other. 

It is well known that a marksman who fires at a distirnt object, aims rather 
higher, to counteract the influence of gravity upon the ball. 
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52 If ^ blow be given to a ball, wi fig 18, suspended to a thread, it wodd 
Tno\e in t, horizontal direction if it were not attxched to the thiead and drawit 
b} the litter tow irds the point c. Ihe icsulting 
motion of the ball w ill be cucular 

It i '5 obvious tint if my other foice, in phee of 
the thioid, ittract m contiuuill} to c, the re&ult will 
lie ilw i\ s 1 bimil ii circular motion. 

I he foia that acts tow uds the central jxiint c 
may be teimed centtipetal, and tint which exerts 
its mfiuciicG at light angles with the httei, the 
tangential fmet Ihe line of motion descnlitd by a 
body under the simultincoiis mfluonec of these two 
forcis IS obviously depeiuhiit on then rautnil itli 
tioii In eiieulai mot on, the following is the iih 
tion betwedi the foiceb th( sqinie of tht tmgtnti il velocity must be ecjual to 
tlie diimeter of tin oiiele multiplied by th(>*centixl vclocitx If tht fiist pio- 
<iiict weie gi( ltd thill the second, tht resulting cuivtd motion would not be 
ciiciilai hut (lliptu , if it wcie e xctl> twitt is grt xt is the second pioduct, the 
motion would be parabolu and if tht fiist product weie tven higei still, the 
bod} m motion would dt scribe i. hyperbola Ihest ne ill diftdtnt foimsoL' 
cuivtd motion, which will lie moie minutely dtscnlnd at x futnic ptriod f 
I he moat stupi ndous o\xmj)lts of these v in nis kinds of motion ai( ifiordctl 
us h\ the paths dt St iibcd by the celcstiil bodits lliusthc moon is ilwa}s 
undti the simultxntous influence of two foicts, niin ly, the itti letivt foicr of 
tile e nth, xnd xaieond acting at light in^hs to the forrmr ind pioptlhng 
the moon it tlie i xte of ibout 200,000 fc<t m one minute If the itti active 
force of th( t ntli weit ilonc it five, ^le mo 311 would appioich it, m x veitieal 
direttion, 15 feit in th ibovo space of turn ,lhe itsultxnts of Ixrth foices is> 
till clhptK il pith whidi the moon desciibcb 

5 5 J lie science th it trr its of the celestiil bodies iiid tht ir motions is called 
•i'itronnmj It is, jnoptil} speaking, x hr inch of Physics, but the gn it 
numbd and high inijiuPmce of xstionomical plunomein lendei it, however, 
uecessii} to devote a s]Kcial section of this woik to their coiisidei ition 

54 In tlie exse of tlie obhgue plane^ it is meeasuv to resolve one force into 
two othcis 50) But befon we investigate this subject, some prehniiniry 
n ni XI ks aie iie cess 11 v . 

It has Ixeii statu I in § 31 that the pressure 1 body exercises upon a hm 
zontal ])] mi , in coiisequi nee of gr ivity, is called the weight of tint body If in 
this (xisi we move tlic ol ]ect, it is by no me ms its weight that we have to 
overcome, as tins is sujqioited b} tin houzontil pi me, but only the friction of 
tile ol)ject on the pluu, and tlu smoothei the two sin faces the ‘gnallerthe 
friction will bt. In the following obsoivitions we shall cntiiely disiegaid the 
f notion, ind assume that it is of no influ iici, but whicli never 111 reality is the^ 
fact In this case lun i ver} small foici must be suflficieiit to move a bod}, 
the weight of which is home b} its support 

I lie smxll weight G, fox example, may be just sufficient to move the body L 
(fig 19), upon the plxm A B, on which the line a & icpiosents the cntiie 
pussine whuh L exncises upon A B. But if wo give this pi me the inclined 
position lepicsented in fig 20, the weight G is by no means suffacient to move 
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the object L in the direction A B. The object will, on the contrary, slide 
down in the opposite direction towards A, exactly as if a force at K drew it 



19 . 20 . 


down in a direction pai^llel to the plane. From this it follows that the plane 
no longer sustains the entire weight of the object, and that, consequently, the 
pressure which it bears must no longer be rejirosented by the line a b, but by 
one that is shorter. But as the body remains intact, and has lost nothing of 
its weight, it is clear that that portion of its weight which no longta* acts as 
pressure upon tlie plane manifests itself iis a force which pulls down the object 
in a direction parallel to the plane. 

The force a h with which the body L presses upon the horizontal [)lane A B 

(fig. 10), is, thei*eforo, in the ca.se of the 
oblique plane A B (fig. 21), resolved 
into two forces, namely, into the force 
a c, which acts as a vertical pressure 
upon A B, and into the force c />, which 
is directed downwards parallel to A B. 

If we call A B the length and B C the 
height of the inclined plane A B, it can. 
be proved by the huvs of geometry, from 
the similarity of the triangles a b c and 
ABC that the downward propelling force b c is in the same proportion to the 
weight of the body a b iis the height B C of the incIincKl plane* is to its length 
A B. If, thereforq^ the height 13 C be the fourth, fifth, or sixth part of the 
length A B, the fbr^e b c will be equal to the fourth, fiftli, or sixth i)art of the 
weight of the body. 

55. The application of the laws of the inclined y)lane is seen in the lifting of 
heavy weighte to a certain height, in ascending and descending mountains, in 
architecture, &c., and the facility thus aflbrdwl is the greater the h,‘ss the height 
is in comi)arison w'ith the lengtli, or, as it is generally (,*x|>r(jssed, the smaller 
the^indine, wdiich ought not to exceed 5 per cent, in roads and -^rd of a per 
cent, in rail ways. 

Besides the inclined plane has found appliciition in a number of our instru- 
ments and tools. The blades of knives, chisels, and axes consist of two 
inclined planes joined together, as is also the case with the Wedge, 

An inclined plane wound round a cylinder is termed a Screw, Gimlets, 
corkscrews, the Archimedian screw, and the screw that has lately been aj)j)lied 
in propelling steam-vessels, are all ajiplications of the inclined plane. 

The more minute examination of these sere ws belongs to Mechmtea, 
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50. If a ball, m, attached to a thread, be set in rapid circular motion round 
the central point c, and the thread be then suddenly 
severed, the ball will fly off. from the central point. 

The direction taken by the ball is doscrilnid by a line, 
the position of which is at right angles to the di- 
rection of the thread at the moment when the ball 
flies off. If, for instance, the ball be situated just at 
the point m when it flies off, it will move in the 
direction m x. 

The velocity with which the ball moves, on being 
detached from the thread, is in direct ratio to the velocity of the original 
[‘ircniar motion. 

7"his force is often made use of by children in throwing balls attached to a 
string to a great height. 

A still more general application of this phenomenon is seen in bodies which 
<'otate, or ill other words, turn on their own axes. In this case all those parts 
of such a body, which do not lie in its axis, describe circles round it, and 
uc(|uire a tendency to fly oft’ from the axis, which is called centrifugal force. 
As ill such rotations all particles descril3e their way round the axis in the same 
time^ the particles farthest distant must have a greater velocity’, and conse- 
ijuently a stronger centrifugal tendency than those which are nearer to the axis.* 
»Such a body is the earthy which rotates round an axis, the terminating points 
of which are called the poles. Hence it follows that those portions of the earth 
which are situated near the equator must jiossess a greater centrifugal force 
than those which are nean^r to the poles. 

The action of the centrifugal 
force can be man i tested only 
when it is greater than the cohe- 
sion of the rotating body, par- 
ticularly, therefore, in those the 
mass of which is soft, or which 
possesses moveable particles. By 
tlieans of the ceiitrifugal machine 
(fig. 23), a series of beautiful ex- 
periments ina}’ be made to illus- 
trate tliese flicts, and the cause of 
the flattening of the earth in par- 
:icular may be shown by an elastic 
irass hoo[) a b. (Comp. § 30.) 

Parallel Forces. 

57. We m(‘et with a series of interesting phenomena which are of particular 
])ractical im]>ortance in investigating the results which take place when parallel 
forces act upon a body. 

Tlie forces employed in the following examples are weights, which act in the 
first place at right angles upon a straight and inflexible line. We use for this 
purpose a rod, which is suspended by its centre c (fig. 24). The action of 
the forces is best represented if we leave out of consideration the influence of 
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gravity upon the rod, and this is counterbalanced by fastening to tlie string 
passing over a pulley a weight «, equal to that of the rod. We call the 
horizontal position which the rod now has the position of equUihriumy and the 


point to which it is fastened. its /a/cram. 

^ If we allow the two forces 6 6 to act at equal distances 

J|^ from the fulcnmi, they will, of course, draw down the rod 

^ with a power equal to 2 ft. But this eficct will be com- 

pletely neutralized if we allow a weight equal to 2 ft to act on 
I .»». I other side of the pulley in an op]K)site direction. Neither 
I , ,1 the horizontal position of the rod, nor its situation, suffers 

2 ^ * the slightest change, hence the forces acting upon it are in 

perfect equilibrium. The same will be the case if we now 
allow the two forces ft and ft to act on the centre of the rod. 


From these experiments we draw the following important conclusions: — 

(1.) The eflect of two equal forces U|x>n a line is neutralized by a force' 
equal to their sum, acting at the centre in an o])posite direction. 

(2.) The effect of two equal forces, acting on a line, may be substituted by 
a force equal to their sum acting at their common centre. 

(3.) Two equal forces, acting at corresponding distances from the fulcrum, 
jnaintain each other in equilibrium. 

^ 58. Figure 25 represents another nxl, the weight of which is counterbalanced 
by the weight g. The six equal and parallel forces a act at equal distances 

upon the diflerent ])oints, and are counter- 
balanced by the weight f which is equal 
to Ort. 

Without destroying the cciuilibriiim 
of this arrangement in the slightest dtv 
gree, the weights 3 and 5 may be re- 
ihovckI from die one side, and combined 
in the central ])oint at 4 (according to 
§ 57, 2 ). In like manner the weights 1 
on the one side, and 5 on the other side, 
together with 1 and 3 on tin* one side of* 
the rod, may be combined at their mutual 
central point 2, from which, therefore, 4 a are sus|K*nded. 

We will now take into consideration figure 20. • The weights with wliich 

thenxl is loaded, and their distancivs from 
its central })oint, are unequal, and ye*t the 
whole is in e<(uilibrium. 

It will, however, bo obserwd, directly 
on examining the figure, that the smalhir 
force 2 a acts at a distance of 4 from the 
central point, while the larger force 4 a 
cmly acts at the distance 2. The dis- 
feinces 4 and 2 bear an inverse ratio to 
the forces 2 a and 4 a. 

Unequal forces, acting parallel on a 
straight line, retain each other, therefore, 
in equilibrium, if their distances from the fulcrum bear an inverse ratio to the 
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forces ; or, in other words, if the force and distance on the one side, multiplied 
by each otlier, are equal to the power on the other side, multiplied by its distance. 

In the above example, 2x4 = 8, and 4x2 = 8. 

59. It will now be easily understood that a large weight, near to the central 
point of a rod, may be moved by a very small force applied on the other sidej 
at a great distance from the centre. 

The above is the case in the application of the Zever, which is nothing more 
than a rod placed on a solid point of support, or fulcrum, while two other 
points are acted upon by the load and the force. The following kinds of levers 
are distinguished by the relative position of these points. 

(1.) The equal-armed kver (fig. 27). Its fulcrum lies in the centre at c. 
The arms b c and c a, ^ ^ 

2S 


r 


being equal, a small 
weight cannot in this 
case maintain a larger 
one in equilibrium. 

The principal appli- 
cations of this lever 
are in the balance 
and pulley. 

(2.) The umquaUarmed lever 
(fig. 28), of which the arm a c is 
longer than the other, is applied in 
various ways, for moving great 
weights with a smaller ix)wer. 
One of the most familiar exani])les 
of the principle of this lever is that 
of two lx)ys of une<|ual size wishing 
to swing uflon a board ; in order 
to accomplish this, the lighter boy 
chooses the longer end. 

Other applications of this lever 
arc : the ordinary lever, the Crow- 
bar, the windhiss, the reel, the 
steel-yard with sliding weights 
(fig. 20), the weighing ma- 
chine, the wheel and axle, 
the crane, borers, keys, 
scissors, &c. By due exami- 
nation the principle of this 
lever may be traced in all 
these instruments. 

(3.) The dngle - armed 
lever (fig. 30) diiiers some- 
what Ironi those already 
considered, the fiilcrum c 
l)eing situated at the end of 
the lever. The forces k and 
w act on the unecjual arms 
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he and ac, but in contrary directions, for k acts upujards, and w draws down- 
wards. Equilibrium is likewise established in this case if k x he w X etc. 
Applications of the one-armed lever are found in the chopping-blade, the 
nut-crackei-s, in most lever presses, in the force-pump (fig. 31), and in many 
safely valves (fig. 32), wheel-barrows, &ic. 



31 . 


60. In the fixed pulley (fig. 33), the forces q and q act at the points a and 
6, and the line a ch represents nothing more than an equal-armed lever, whose 
point of support is at c. No power is gained, therefore, in employing the fixed 
pulley ; it is only of 


use in permitting 
tile application of 
>^ie force at the most 
appropriate point, 
as, for instance, 
when applied to a 
draw well. 

The moveable pul- 
ley (fig. 34) repre- 
sents a one-armed 
lever (compare § 59), 
the fulcrum of which 
is situated at 6, wdiile 
the force q draws 
downwards at the 
distance 1, and the 
force e up^vards at 
the distance 2 and 
at the point d. As, 
how'ever, the latter 
force acts at double 
the distance, it is 
only required to be 
half as great as the 
force q^ in order to 
maintain the equi- 
librium. If, there- 
fore, a weight of 
4 lbs. be sus[)Gnded 
on the hook ot' tlie 
moveable pulley, a 




force equal to 2 lbs. 
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applied at e will be sufficient to raise it, and the least excess of power will be 
sufficient to set the load in motion. 

By combining a number of moveable pulleys, as seen in fig. 35, we are 
enabled to raise a considerable weight by the application of a small amount of 
force. On suspending the weight g, equal to 8 lbs., to a system of three 
moveable pulleys, 1 lb. will be found sufficient to maintain it in equilibrium. 
As was shown at fig. 34, the weight of the suspended load decreases one-half 
for every additional moveable pulley. 

The most convenient arrangement for raising weights by means of moveable 
pulleys, is shown at fig. 36. In tliis system the three upper pulleys are 
stationary, and the three lower ones moveable ; and, therefore, the advantage 
in its application is, likewise, that the load q may be counterbalanced by the 
application of one-eighth of its W(*ight at p. 

• It might be expected that by the apidication of a great number of pulleys, 
wo should bo enabled to raise enormous weights with ease. But the results 
obtained fall short of expectation, partly beciuise, by the addition of every 
pulley, the distance to which the load may be raised is diminished^ while the 
friction, which is, as we shall presently find, a great impediment to motion, is 
jiroportionably increased. 


Centre of Giuvity. 

61. The body m (fig. 37) may be considered as composed of the three 
parts, a, &, h. Each of these parts is attracted to the earth in the direction of 
the arrows in the figure, which it will be seen are parallel to ^ 
each other. We have seen at § 57, that the action of two |T[a]n 

equal ]jarallel forces on a lino may l>e comiterbalanced by the ap- iT'i 
plication of a force acting in the opi)osite direction, and possessing 
a power equal or superior to that of the combined forces ; we 
are able, therefore, to prevent the body m from obeying the force of gnwity, 
i, e, from falling, by susjMsnding or supporting it at tlie point a. 

It follows from this that wo are likewise able to countei’act the whole of 
the Ibrces acting on each single ])art of the body n (fig. 38) by supporting 

the part a; and it is found not only by theory n 

but also by experience that one point must exist \c\a\c \ i\a | ^| j gf 
in every body, of whatever form it may be, in + i 

which the sum of the forces of gravity, acting on 
all the particles, may be considered as united. 

This particular point is called the ce)itre of gravity of the body. 

When the centre of gravity of a body is supported it cannot fall, and is, 
therefore, in a state of equilibrium. 

63. In bodies of regular form, such as a ball, a cube, a cylinder^ ojr a prism, 
the centre of gravity is always identical with the mathematical central point ot 
tlie body. In irregularly-formed bodies it is always situated near tlie largest 
})ortion of the mass. In pyramids and cones the largest mass is evidently at 
their bases. In these bodies the centre of gravity is consequently foiuid to 
be at one-fourth of their height. 

63. The centre of gravity of a body is sup|X)rted, as long as a line drawn 
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vertically from that point (the line of direction) falls within the base, i. e, the 
surface with which the Ixxly touches the ground. 

An inclined stone or beam of wood, in which, as at fig. 39, the vertical line 

drawn from the centre of gravity falls 
within the base, cannot fall. If, how- 
ever, it had the size marked out by the 
dotted lines, the centre of gravity would 
be situated at 6, and the mass must 
necessarily fall. 

The larger the base of a botly, and 
tlie nearer its princij)al nijiss is to tlie 
biise, the firmer the body will stand. 
It is probable that the Egyptians chose 
the form of the pyramid on this account 
for their stupendous structures, which have stood for thousands of years. 

The bodies of men and animals, the different parts of which iire moveable, 
ai*e continually altering the position of their centre of gmvity. A man carrying 
a load on his back will lean forwards ; if he has it in his right hand, he will 
stretch out the left arm ; and any |x?rson wlio is in danger of falling on one 
"skle will instinctively endeavour to save himself by stretching out his arm in 
tne opposite direction. 



Fiuction. 

64. A groat imi^ediment to motion is Friction. It arises from the circum- 
stance that no body exists with a perfectly plane surface. If the smoothest 
substances, such as polished steel, be examined under the microscope, their 
surfaces will lye found to consist of elevations and depressions. 

Therefore, in propelling one body along the surflice of another, the ele- 
vations on the one mast be continually lifted over tlie inequalities on the 

surface of the other, as is shown in 
fig. 40. The smaller these ele- 
vations are, that is, the smoother the 
surface, the less friction w'ill there 
bo. In fluids the friction is compa- 
ratively slight, th(i ]iarticles being 
easily displaced. The friction be- 
tween two bodies may be consider- 
ably diminished by fillfiig the cavities 
on their sur£ices with fluids, such as 
oil ov fat, or with very fine powders, such as graphite. Hence these substances 
are employed for smearing axletrees and varioui parts of machinery. 

The amount of friction is, moreover, dependent u[)on the weight of the 
body to be moved. The greater the weight the stronger the friction. The 
extent of the rubbing surfaces exercises no influence, since to move, for 
example, 100 lbs. of iron upon a surface of metal a force of 27*7 lbs, is 
required, whether the mass of iron be in the form of a flat plate or of a 
square block. 
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Mkciianics. 

65, AJechanics is the science which treats of forces and of motion. It is the 
province of the practical engineer to produce any motion that may be required 
at the least expense of power. He accomplishes tliis by suitable instruments, 
which ar<3 called rrutokims. It is not the object of the present work to 
exliaust the wide field of mechanical appliances. It seems, however, desirable 
to pay some attention to those instruments which have become of so much 
importance. 

66. A distinction is made between simple and cmipound machines. With 
the first we have already become, in some measure, acquainted ; such, for 
example, are the lever, the inclined plane, the |)ulle 3 '’, and its different forms, 
and all our common working tools ; and in the section devoted to Anatomy, 

shall find that most of the motions of limbs are effected in accordance 
with the laws of the lever. 

Compound machines are produced by the co-operative action of several 
simple machines, and however difficult it may, at first sight, aj:)pear to under- 
stand them, they may, nevertheless, all be traced back to the simple machines 
above alluded to, 

67. The wheel and axle is a simple machine, very frequently employed : it. 
consists of a cylinder, called an axle^ furnished with pivots at both ends, whicji 
in the ctise of the horizontal axle rest in a giwve, and in the vertical axle in 
holes, so that the axle may rotate round its longer axis. A wheel is connected 
with the axle in such a manner that its centre lies in the axis of the cylinder, 
and that the axle must rotate as soon as the wheel is set in motion, and rice 
versa. 

The windlass (fig. 41) furnishes an example of the application of this prin- 
ciple. It consists of a cylinder or axle A, the pivots of which B B rest in 
notches at the toj) of the sup- 
IKUts C C ; the weight P is 
suspended by a rojw coiled 
round the axle, and the latter 
is made to rotate by forces 
applied to the levers. It will 
be readily seen that two 
forces P and F endeavour here 
to turn the cylinder in oppo- 
site directions, but that the 
force F acts on tlie longer arm 
of the lever, and the weight I* 
on the short(^r arm. The force 
F may, tlierefore, be smaller 
than the weight P, in proportion to the diameter of the axle and the length of 
the lever B F, to maintain the latter in equilibrium. The levei-s which move 
the axle act consequently more elfectually the gi*eater their length in relation 
to the diameter of the axle. 

68. Transmission of Motion , — According to the nature of the machine, we 
distinguish three princijml parts, namely: the first, on which the motive power 
acts ; the second, on wliicli tlie resistance to be overcome is exercised ; and 

£ 3 
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lastly, the part between these two which is the means of transmitting the force. 
In simple machines, for example, the crow-bar, tliese various ])ai ts consist 
generally of one piece, and are in close proximity. 

But in compound machines a considerable number of intermediate con- 
trivances are necessary to transmit the power to the actual working parts, as, for 
instance, from the water-wheel of a mill to the gi*inding-stones. In order to 
transmit the motion, transmission axles, endless bands, and toothed wheels arc 
generally employed. 

69. If we enter a cotton factory, we witness on the right and the loft of the 
passages of the long rooms series of machines in full activity, but we do not see 
the parts which are acted on directly by the moving power. If, however, wc 
look towards the ceiling of tlie room, we perceive a rotating axle, extending 
along its entire length, entering by an oj^ening in the wall, and also fre(iuently 
passing into the adjoining room to transmit the power to other machines. The 
mules are united to this transmission axle by suitable contrivances, — motion 
l)eing imparted to the axle either by a water-wheel or steam-engine. 

70. The endless band is employ^ wdien motion is to bo transmitted from 
one rotating axle to another in the same plane, but at srmie distance from it, 

as, for instance, from the above- 
mentioned transmission-axle to 
the mules. For this purpose 
there are fastened on dif- 
ferent parts of the axle rollers, 
called also dnims, which rotate 
with the axle, and have on 
their circumference a rof>e or 
leather band, the ends of vvliich 
are united. One of these 
bands passes ov(?r a correspond- 
ing roll(*r on one of the mules 
and sets the latter in motion. 
Fig. 42 rej)resonts an axle 
A 13, wdiich communicates mo- 
tion to a grindstone. If it bo 
desired to arrest the motion, 
the band is transferred to an 
adjoining loose ndler by means 
of the lever C D E. Tlie loose 
roller is not connected with the 
axis of the grindstone, but is merely moveable round it, so tliat this roller, only, 
rotates while the grindstone remains at rest. Sucli an arrangement is called 
a live and dead pulley. 

The endless l>and is either open, as at fig. 42, or it is crossed, as in the 
common spinning-wheel, or in the centrifugal machine, fig. 23. In reference 
to the action of the endle.ss band, it mast be remarked that the |,art of the band 
which is called the driving-side, has a greater tension than the other, since no 
rotation could be produced if the tension were equally distributed throughout 
the whole of the band. 

If the diameters of the two wheels A and B, over whicli tlic eiidless band 
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passes, are equal, and A is set in motion, it imparts to B the same velocity of 
rotation. But if the wheel A which is set in motion be larger than the second 
wheel B, it will impart to the latter a greater velocity in the ratio of the 
diameters of the wheels ; so that in this manner an exceedingly great velocity 
of rotation may be produced, for instance, as in the bobbin on the spinning- 
jenny, tlie centrifugal machine, &c. 

If we conceive the idea of two wheels A and B, connected by an endless 
band, and a given force acting by a winch on the smaller wheel A, the diameter 
of which may be 4-, 4* h second wheel B, this power pro- 

duces the same effect as if the force were acting directly on the axle of the 
larger wheel B by a winch of the 2, 3, 4, or w-times the length. 

71. The wheel-works so much employed in mechanics consist of toothed wheels, 
which transmit the motion from one axle to another, which is either parallel to 
the first oir forms with it an angle. On their circumference are alternate teeth 
and spaces, which accurately correspond and fit in each other in such a 
manrior that one wheel cannot be moved without turning the other in the oppo- 
site direction. 

The remarks we have made in reference to endless bands apply also to toothed 
wheels, inasmuch as wheels of equal diameter transfer the motion unchanged 
from one axle to anotlier ; but if the first wheel be of larger size, it imparts to 
the second a velocity as many times greater as the number of its teeth exceed 
those of the latter. The second wheel is capable of imparting motion to a 
tliird, and this to a fourth, and so on, of continually decreasing size, and in this 
manner we may obtain any convenient, and if requisite, extraordinary velocity. 

It is also to be remarked that if a given force F acts on the axle of a smaller 
wheel C by tht» winch B (fig. 43), and the diameter of the smaller wheel C is, 
as here represented, one- 
third, or 4, i> « th of that 
of the larger wheel D, the 
force F exercises the 
same action as if it acted 
directly on the axle A of 
the larger wheel D by a 
lever-arm B' of 3, 4, o, 
or ?i-tinies the length. 

But as winches of such 
length are very inconve- 
nient, or scarcely manage- 
able, a combination of 
several toothed wheels 
are employed with ad- 
vanti^e. The smallest wheel which is directly set in motion is called a pvitofz 
C (fig. 43). It will readily be seen that the motion produced takes phice in a 
reversed stmse if the motion be transfeiTed from a larger to a smaller toothed 
wheel, and that the eftect of wheel-works is considerably impaired by friction. 

72. The bevelled-wheel (fig. 44), and the crown-wheel (fig. 45), transfer the 
motion from a horizontal to a vortical axis, or vice versa, and the remarks we 
have made in r(‘ference to toothed wheels generally are in every respect applicable 

to these wheels. 
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73. The (iisturbances arising to a machine from the irregular action of the 



moving power would render the generality of operations impossible if no means 
were adopted to counterbalance these disturbing influences. 

To accomplish this a large heavy wheel of cast-iron, called a fly-icheeU is 
fixed to the axle, and rotates with it. If a sudden increase of force takes 
place, this excess of power acts also on the heavy fly-wheel, and the eflect of 
the increase of power on the whole arrangement is rendered less ])ercoptiblo ; 
if, on the other hand, the moving power be decreased or even temporarily 
interrupted, the motion of the whole of the machinery is thus only slightly 
diminishai, since, according to the laws of inertia (§ 39), the fly-wheel retains, 
at least for a short time, its velocity, and keeps the rest of the machinery in 
motion until the moving j)ower again acts in a suitable maiiiier. Fly-wheels 
are employed in rolling mills, mints, in stationary stt*am* engines, watches, and 
in grinding machines. 

74. Amongst the numberless mechanical arrangements employed fl^r the most 
varied purposes, there are two which we consider iis esp(Kiially worthy of a 
more minute description, since their applications are intimately connectfxl with 
our most necessary wants ; these are tlie flour-mill and the clock, A knowledge 
of their construction appears as attractive as it is useful. 


The Flour-Mill. 

75. Most of our flour-mills are moved by water power. The water either 
exerts its force on the float-boards, which are situah^d on the under ]jart of the 
wheel (undershot-wheel), or it flows into the buckets at half the height of the 
wheel (breast-wheel), or else it is conducted in a channel over the wheel and 
fitlls into similar buckets on the front, in which case the wheel is called an 
overshot-wheel. In the undershot-wheel the water acts by its velocity, and in 
the breast-wheel it produces rotation by its weight and force, whilst in the 
overshot-wheol it acts chiefly by its weight. The adojition of cither of these 
wheels depends on the quantity and on the fall of the water at command. 
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In fig. 4G we have given a representation of an overshot-wheel which turns 
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the axle A. This axle extends to the mill, and by means of two bevelled wheels 
transfers its rotatory motion to the vertical axle B. 

In fig, 47 the whe(il C is employed to turn two pairs of millstones, of the 


^ 7 
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first of which we have given a sectional and of the second a front view. For 
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this purpose two toothed wheels E and D are moveable on the vertical axles 
F and N, and may be regulated in such a manner as to work into the crown- 
wheel C, and in this case the stones are set in motion. In the figure the stones 
on the right are supposed to be in motion, whilst those on the left hand are »it 
rest. From the latter we will pursue the interior arrangement. Ihe axle r 
rests below by a peg in a groove, and passes above through tlie fioov 1 anil 
through the millstone which rests u}X)n it, and which is called the umler-sfone. 
On its upper conical end this axle carries the second millstone, calleil the ru/tiwrj 
which is fastened to it by the mill-iron, and is, therefore, turned round with the 
ojcle. Between the two millstones only a very small space intervenes, and it is 
of the greatest importance that the runner rests exactly on its centre of gravity, 
in order to preserve a uniform distiincc on all sides. 

The hole in the centre of the nnmer is not perfectly clostnl by the mill-iron, 
but there are some openinjp left* which allow the corn to ilill down hetweei 
the stones, whore it is grouiul into tiour and bmn by the rotation of the nwner. 
In order perfectly to crush the grain, shallow furrow's are cut in the opposite 
surfaces of the stones, and act in a similar manner to the blades of a pair of 
scissors. By the centrifugal motion the ground corn is removed from between 
the two stones to a room closed on all sides, and thence carried through an 
aperture to the bolting apparatus. This arrangement, which serves to separate 
•the flour from the bran, is not represented in the figure ; it is set in motion by 
a prolongation of the axle B. 

The corn which is to be ground is introduced into a funnel-shaped box I, 
called a hopper^ the lower opening of which is nearly closed by a little inclined- 
box L, called the shoe. On a' prolongation of the axle which supports the runner 
are several pegs K, which, in turning, repeatedly shake the shoe, so that the corn 
gradually slides down and falls into the aperture of the runner, 

A bell G is made to ring, to inform the miller when the hopper is nearly 
empty. A string i)asses from the bell to the j)Gg 6, and thence over a pulley 
into the hopj^r. To the end of the string is attached a large but light ])iecc 
of wood, which on filling the hopper is buried by the miller beneath the com, 
so that the peg h is at such a height tliat it cannot be touched by the |)eg a 
during the rotation. The quantity of com, however, soon becomes so small 
that it is no longer sufficient to retain t^e piece of wood in the same position, 
and the peg h descends so far that the causes the bell to ring by touching h 
at each rotation. 

The diameter of a millstone is generally about 4 feet, the ranner makes about 
70 rotations in a minute, and a pair of millstones grind in 24 hours from 
500 lbs. to 600 lbs*, of corn. 

Tub Clock. 

76. If we succeed in imparting to an object a perfectly uniform motion, so 
that it describes an equal distance in the same time, the motion may be 
employed as a measure of time, and it is this which we expect of a good clock. 
This problem would be easily solved if we had at command a force acting with 
perfect uniformity. This, however, is by no means the case, since the *descend- 
ing mighty as well as the spring, which are employed most advantageously to 
set our clocks in motion, exert an action which is unequal. 

If the cord (figi 48) to which a weight is suspended be wound on a cylinder fur- 
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nished with a toothed wheel to transmit 
the motion, the cylinder is set in rota- 
tion by the descending weight slowly 
at first, but soon increasing, because 
the weight, as a falling body (§ 26), 
quickly acquires an accelerated velocity. 

We may employ for the same pur- 
pose a spring (fig. 49), of highly-elastic 
steel, which is fastened by its external 
extremity to a fixed point, and by its 
inner end to an axis which is capable of 
rotating round itself.* If the spring be 

S ow wound up and left to itself, it must, 
ly virtue of its elasticity, cause the axis 
to rotate in an opposite direction (fig. 
60). In the first moment, when the 
spring is strongly contracted, the rota- 
tion is very rapid ; it soon, however, 
becomes slower, and finally ceases when 
the spring has regained its original form. 
Toothed wheels, which are thus set in 
motion by weights and springs, would 
attain a motion much too iiTegular to 
cause the hand on the dial, which is 
set in motion, to traverse over equal 
spaces every hour. 

77. If, however, we check tlie un- 



winding of the cord, 
which is caused by the 
descending weight, by 
means of a regular re- 
sistance acting at very 
short intervals, it is evi- 
dent that the weight 
cannot attain an accele- 
rated velocity, conse- 
quently the cord is un- 
rolled slowly and regu- 
larly, and imparts to the 
cylinder on which it is 
fastened, and also to the 
works connected with it, a 
corresponding movement. 

moreover, a wound-up 
spring, be fastened by 
means of its axis to a com- 
bination of wheels, which 



* This is the arrangement adopted in Geneva watches. Fig. 52 represents the English 

coDstruction.— E d. 
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likewise receives a transient check at very short intervals, the spring cannot be 
relaxed suddenly, but its force will be divided over a longer space of time. 

These facts led to the use of such an arrangement, called an escapement^ being 
adopted in all our clocks. 

The escapement movement is most perfectly accomplished by the aid of the 
pendulum, since, as we have seen in § 27, that within a certain limit described 
by the pendulum all its oscillations are of equal duration. 

Fig. 51 represents a toothed wheel connected with the axis, on which the 

f weight acts, and above it is suspended a 

pendulum, the upper part of which, called 
the Scam, is furnished with pallets a 
and 5, for the purpose of catching the 
teeth of the wheel. It will be readily 
seen that when the pendulum is set in 
motion, its pallets on the right and left 
alternately drop in the teeth of the 
wheel, and must produce a short and 
transitory interruption, thus transforming 
the accelerating velocity of the falling 
weight into a uniform velocity. If the 
beam have a horizontal position, both 
teeth would simultaneously drop and 
entirely interrupt the rotation of the 
toothed wheel ; hence it is that we may 
entirely stop a pendulum clock by 
holding the pendulum for some seconds 
in a vertical position, and again set it in 
motion by moving it gently on one side. 

78. Greater difficulties are presented 
in the regulation of a watch, since a pen- 
dulum cannot, of course, be employed. It - 
was originally endeavoured to compen- 
sate the action of the spring by means 
of the fusee (fig. 52), an arrangement 
which is frequently seen in English 

The conical-wheel (fusee) D, wffiich has 
on the upper part a spiral plane, is turned 
round by the watch-key. By means of a 
linked chain this wheel is connected with 
the barrel A, on which the chain is 
51. ^ fastened and wound. To the inner side 

of the barrel one end of the spring is 
fastened, and its other end is held by an immovable pin. In winding up the 
watch the chain from the barrel is wound upon the circumference of the 
fusee, the box-wheel makes several rotations and contracts the spring, which, 
as soon as the works are left to themselves, again opens and causes the 
bairel A to rotate in an opposite direction. In this rotation the barrel 
imparts, by means of the chain, a motion to the fusee, the teeth of which set 
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the whole of the works in motion. Immediately after the watch is wound up, 
and the spring most strongly contracted, it acts by means of the chain on the 
highest plane of the fusee, which is of the smallest diameter, and in the same 



52. 


degree as the spring is unrolled and its tension relaxed, the planes increase in 
size, so that the continually-decreasing force acts on a continually-increasing 
lever arm. In this manner the inequality of the motion receives a suitable 
compensation. 

The arrangement just described, however, is insufficient to produce a perfect 
regulation, and is entirely omitted in watches furnished with the improved 
esarpement, as may be seen in the following figure, which represents the entire 



53. 

works of a watch, and in which all the axes furnished with wheels 'are made 
longer than they are in reality for the sake of greater perspicuity.* It shouM 
be mentioned that the wheels P Q R S form the hand-work, and all the otlier 
the working train of the watch. 

By means of the winding square T, the spring A is contracted, or, in other 
words, the watch is wound up, when the elasticity of the spring causes its own 

The arrangement with regard to the spring (fig. 53) is that of modem Genova watches, 
while the escapement Is the old vertical escapement of ordinary English watches,— E d. 

F 
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axis to rotate in an opp5site direction, as well as the toothed-wheel C, which 
is fastened upon it, and which is called the great wheeL 

The great wheel catches first in the pinion D, and in this manner moves 
the hand-works. The tension of the spring and the action of the escapement, 
to be described hereaflcr, should be regulated in such a manner that the axis 
of the small wheel P, which is called the minute-wheel^ turns round once in an 
hour. On the end of this axis and on the surface of the dial the minute-hand 
is fastened, which in twelve hours describes the same number of rotations. 
The hour-hand, however, must only make one rotation in an hour. It should 
first be observed that the axis of the hour-hand is in the form of a hollow 
tube, moveable round the axis of the minute-hand, and has fastened to its 
extremity the wheel S. Let us now see in what manner the twelve rotations of 
the minute-wheel P are, by means of toothed-wheels (§ 71), converted into 
one rotation of the hour-wheel 8. For this purpose the minute- wheel -is 
furnished with eight teeth, and catches in the other wheel Q, which has twenty- 
four teeth ; hence the axis of the hitter, together with the pinion R which is 
flistened to it, makes only three rotations in twelve hours. 

The pinion R has eight teeth, which catch in the thirty-two teeth on the hour- 
wheel S, which, consequently, turns round only once, whilst R makes four 
rotations and the minute-wheel twelve. 

, If wo now consider the entire works, we observe that the movement is pro- 
pagated and the contrate-wheel K set in rotation by means of the intennediate 
wheel E, the pinion F, the third wheel G, the pinion H ; the contrate-wheel K 
imparts its motion, by means of pinion L, to a horizontal axis, with its peculiarly 
toothed escapement-wheel M. In th6 front of the escapement-wheel we observe 
a vertical axis, called the verge, which carries on its upper part a fly-wheel .N, 
which is also called a balance-wheel (§ 73), whilst lower down there are two 
little plates of steel or pallets, i i', the mutual distance of which is equal to the 
diameter of the escapement-wheel M, and which in reference to their position 
with the verge are at right angles to each other. The last-mentioned parts 
form, with the escapement-wheel, the escapement of the watch. 

If a tooth on the upper part of the escapement-wheel M meet the upper 
pallet i, it imparts to the latter a slight bjickward motion ; but immediately 
afterwards the other pallet i* meets with an under tootli of M, and is driven by 
it forwards, so that as long as the escapement-whec*l is in motion the pallets i i' 
are alternately driven backwards and forwards. It will be readily seen that in 
this manner the spindle, together with the balance-wheel, receive a corresponding 
alternate rotation, describing an arc of a circle. But as often as a pallet comes 
in contact with a tooth of the escapement-wheel, it receives a backward push 
from the balance, since this does not lose the whole of its velocity by the 
encounter, by which means the balance-wheel is somewhat retarded. 

If the iibove-described oscillations of the balance-wheel were, like those of the 
pendulum, of equal duration, the resulting retardations would also be of equal 
duration, and the movements of the watch would be regular. Tliis, however, 
is not the case, because the spring itself is the moving power which primarily 
causes the oscillations of the balance and keeps it perpetually in motion, so that 
the inequalities of the moving force are propagated to the balance. 

If we employ on the balance another very small spring, these irregularities 
rGCeiVfi an importaut compensation. Such a contrivance, which is also termed a 
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balance or pendulumrspring, may, like the pendulum, be set in oscillations of 
almost equal duration by a slight blow, with this difference, however, that in the 
former they take place in a vertical and in the latter in a horizontal plane, and 
tliat with the former tKe oscillations are 
maintained by gravitation, and in the latter 
case by the elasticity of the spring. In this 
manner it has been possible to produce a 
regular escapement in the movements of the 
watch, which attained to the greatest exact- 
ness since the adoption of the balance-spring. 54. 

Since, according to what has been stated, the watch is regulated by the oscil- 
lations of the balance, these must be of certain duration. The watch would go 
too fast if the oscillations were too quick, and in the opposite case, too slow ; 
we must, therefore, adopt a means of imparting to the oscillations of the balance- 
wheel the re<]uired duration. This is done by making the spring shorter or 
longer, according to circumstances, since it is easily to be seen that its tension 
will be increased by shortening and decreast^d by lengthening, and in the same 
proportion the number of oscillations within a certain time will increase or 
decrease. 

Such a contrivance is called the regtdator (fig. 55). The spiral fastened to 
the stud C is inserted at B in a gi-oove 
of the arm A, which is made in one 
piece with the toothed circular section. 

The result of this is, that only from the 
point B the elasticity of the spiml exerts 
ite influence. If now the hand I) is 
moved in either the one or the other 
direction, a corresponding motion of the 
arm A is produced by the catching of 
the teeth, the stationary portion B C 
of the spiral becomes shortoned or 
lengthened, and in this manner the oscil- 
lations are made of the required dura- 
tion. 

79. Cylinder Avatches are distinguished from the above-described lever 
watches, by the escapement in the latter being performed by the vertical 
wflieel M (fig. 53), whilst in the cylinder watches the teeth of a horizontal 
wheel catch in the hollow and peculiarly-cut axis of the balance, which is called 
a cylinder. This arrangement has the advantage that the cylinder watches can 
be made very flat, becoming thereby more convenient to carry, and which may 
be recognised even by their exterior. 

80. Regarding the history of clocks, it may be remarked that wheel clock- 
work was unknown to the ancients, and in reference to the time and by whovo 
the discovery was first made much uncertainty prevails. Artificial wheel- 
works, especially those employed for astronomical purposes, were first found, in 
convents, and in these also the first clocks moved by weights might have 
existed. 

The discovery of the watch is generally ascribed to Peter lleU in 1500, and] 
his watches, in consequence of their shape, were called Nuremberg eggs. ■ 
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On the other hand, it is certain that the requisite exactness in the going of 
clocks was first attained by the distinguished Dutch philosopher Huygens in 
1657, who first carried out the idea of employing the pendulum and the spiral 
to the regulation of time-pieces. 

. Equilibrium of Fluids (Hydrostatics). 

81. A fluid is in a state of equilibrium when all the particles on its surface 
arc equidistant from the centre of the earth. Hence the surface of a fluid in 
a state of rest must have the form of the segment of a globe. This is really the 
case, as may be observed with large masses of water, ^ — for instance, the surface 
of the sea. Smaller surfaces of fluids appear, however, when in equilibrium, 
;is perfect planes at right angles with the direction of gravity. 

If a higher j^osition be given to one portion of a liquid than to another, the 
consequence of the slight disarrangement of the particles is a continuous motion, 
until the state of equilibrium is re-established. The flowing of rivers towards 
the sea is owing to the tendency of the water on the surface of the earth to 
maintain itself in equilibrium. 

As a consequence of the ratio of equilibrium in fluids, the surfaces of liquids, 
contained in vessels having one part wider than the otlier, or in different vessels 
in' communication, invariably stand at equal heights from the bases of the vessels. 
Thus in watering-])ots, tea-pots, or oil-lamps, the liquid is always found to stand 
as high in the narrow spouts as it does in the wider portions of the vessels. If 
a stream of water be conducted from a height to a plane, the reservoir will 
form, as it were, a vessel connected with the S])ring by the conducting pipes, 
and tlie water will attain a similar height in both parts. This phenomenon 
familiarly explains the formation of fountains. The sides of vessels containing 
liquids also suffer a pressure, which for equal parts of the w^alls is the greater 
the nearer these parts are situated to the bottoms of the vessels. That this 
pressure may be employed as a motive power may be shown by suitable 
arrangements, as in Segner’s wheel and in the turbine, 

82. The amount of pressure sustained by the bottom of a vessel filled with 
a liquid, does not depend on the amount of liquid, but upon its heiglit in the 
vessel and the extent of the vessel’s base. It may be proved by decisive 
experiments that if the heights and the bases of diflerent vc^ssels are equal, as 
is the case with those represented by figs. 56, 57, 58, and 59, the pressure sus- 



tained by the bottoms of the vessels will be in all cases perfectly equal, altliough 
the amount of liquid they contain varies to a considerable extent, as shown by 
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the figures. A very ^eat pressure may, therefore, be obtained with a 
small amount of liquid, if it be poured into a very narrow and high tube, 
widening considerably towards the base. The amount of pressure obtained is 
the same as if the tube were of equal width the whole way up. 

If a cubic inch of water weighs ^ oz., the base of the vessel measures : ; 
32 square inches, and the height of the liquid 1 inch, the base sustains a ’ 
pressure of 1 X 32 cubic inches, equal therefore to 1 lb. of water. 

Assuming the height of the column of liquid to be 100 inches, the pressure 
sustained by the base is 100 X 32 cubic inches, or 100 ^bs. of water. 

83. If one portion of the surface of a liquid be exposed to a certain pressure, 
the pressure becomes equally dispersed in all directions. 

In illustration of this, a vessel, closed on all sides, is provided with two 
openings, each a square inch in diameter, one at the top and another at the 
side. The latter opening is closed with a cork : the vessel is then filled com- 
pletely with water, and the liquid is pressed u])on, by a piston through the 
uppe^r opening, with a force equal to 100 lbs. Every portion of the sides of 
the vessels, measuring 1 square inch, has now to bear 100 lbs. pressure. If 
the surflice of the vessel is GO square inches, the total pressure on its sides 
will amount to GO X 100 = 6,000 lbs. The cork in the lateral opening has to 
bear a pressure of 100 lbs. If it cannot withstand this, it is of course forced 
out. Supj)Osing the lateral opening to be 2 square inches in size and to bp 
closed by a plate, the latter must be pressed against the opening from the out- 
side with a force of 200 lbs., in order to counterbalance the inward pressure. 

84. The hydraulic press is constructed upon the above principles. 

In fig. 60 A B represents the bottom of a hollow cylinder, into which is 
fitted the piston P : into the bottom of this cylinder there is introduced a pipe 
C leading from the forcing pump D ; water is supplied 
to this puinj) by a cistern below from which is led 
the pipe E, furnished with a valve opening upwards 
at tlie point where it is joined to the pumj>barrel. 

Where the pipe C enters into the pump-barrel there 
is also a valve opening outwards into the pipe ; con- 
sequently when the piston D rises this valve shuts, 
the valve of the cistern-pipe opens, and the fluid 
rises into the pump-barrel. When the piston begins 
to descend, the cistern- valve closes, and the water 

is forced through the pijie C into the large cylinder A B ; and by the law of 
fluids above alluded to, whatever pressure may bo exerted by the piston D on 
the surface of the water in the pump will be n^pcated on the piston of the 
large cylinder A B, as many times as the area of the small piston D is con- 
tained in the area of the large piston A B ; that is, if the area of the puni|> 
jnston were 1 square inch, and that of the cylinder 100 inches, and if the 
piston were forced down with a pressure of 10 lbs., then the whole pressure 
on the bottom of the piston A B would be 10 X 100 = 1,000 lbs. 

Fig. 6 1 gives a correct idea of the most improved constraction of the press. 

A B (J D is a. strong iron frame, at one side of which is the cistern containing 
the water for the supply of the force-pump F, worked by means of a lever, 
wliich fits into the tube G ; at the other end of the tube is the counterpoise H. 

The water is forced, in the manner above described, into the bottom of the 
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Iflflrge cylinder, and the piston being pressed 



upwards, the board supporting 
the materials is raised, and the 
objects are compressed between 
the board and the top of the 
press. To prevent the machine 
from bursting, a safety-valve, 
capable of overcoming a given 
pressure, is employed, and for 
the purpose of admitting the 
water, or drawing it from the 
large cylinder, the press is fur- 
nished with the stop-cock E. 
From the facility of operating, 
with this machine, and its great 
power, it is now applied to 
many purposes. 

85. Let us picture to our- 
selves, ill a vessel filled with a 
liquid in a state of perfect equi- 
librium, a certain portion of this 
liquid, situated in tlie centre of 
the whole, and submit it to a 
closer examination. The dark 
part /i', in fig. 62, may be con- 
sidered to represent this portion. 
Now, it would certainly not 
occupy the position that it does, 
if it were not maintained there 



by the pressure exerted on all sides by the remaining liquid. 
It is evidently pressed downwards by the upper portion of the 
fluid, but, as it does not sink, the liquid situated below it 
must necessarily exert an equal upward pressure. It is retained 
equally in equilibrium by the portions of liquid pressing at the 
sides. The portion N Ls, therefore, kept in perfect equilibrium 
by the liquid surrounding it ; its tendency to sink, by the force 
of its gravity, being counteracted by the pre.ssure from below. 
If it were possible to suspend it by a thread to the beam of a 


balance, the equilibrium of the latter would be as little disturbed as if it were con- 


nected by a thread to a weight lying upon, and therefore supported by, a table. 


If this portion h' of the liquid were replaced by another body of equal weight 


and volume, this would obviously bear the same relation to the surrounding 
liquid, and would be, therefore, just as completely supported. 

Suppose tile body immersed to have the same volume, but to be lighter or 
heavier than the liquid displaced — even then, the pressure exerted by the 
surrounding liquid is the same in every case : if the body is lighter than the 


water displaced, it will not retain its equilibrium, and will, therefore, rise to the 
surface; but if it is heavier, the surrounding liquid will certainly counter- 
balance a portion of its weight, but not the whole, and the body w.ill conse- 
quently sink to the bottom. 
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86. The following law was established by Archimedes : If a body he im- 
mrsed inaflmd, a portion of its weight will be sustained by the fl uid, equal to the 
weight of the fluid displaced. , 

A few common examples will serve as proofs of this theorem. A pail filled 
with water may be lifted 
about with ease as long as 
it is immersed in water, its 
whole weight being sup- 
ported by the latter. But if 
the pail be taken out of the 
water, an amount of force, 
equal to its entire weight, 
will be required to lift it. 

In the same manner a man 
may be lifted and moved 
about in the water with the » 
force of one finger. 

87. One cubic inch of water weighs about half an ounce (more exactly, 
2b2i grains). Any other substance, for instance, a piece of 
lead, is weighed first in air, as usual, and found to weigh 1 1 ozs. 

If it is then weighed while immersed in water, as shown at 
fig. 613, the latter will be found to sui)port about 1 oz. of its 
weight. This experiment shows that 11 ozs. of lead occupy 
the same space as 1’ oz. of water (or nearly 2 cubic inches). 

F rom this we conclude, that lead is eleven times heavier than 



water. 

Tliis is the method generally adopted for determining the den- 
sity or specific gravity of bodies. 

88. It may be easily conceived that the heavier a fluid is, the 
greater will be the weight, of a body immersed therein, that it 
is capable of supporting. 

According to the table, § 34, the relations of the densities of 
alcohol, w’^ater, and sulphuric acid, are expressed by the figures 
0-79: 1:1-85. 

A glass tube, similar in shape to that represented by fig. 64, 
which is loaded at the bottom witli a little mercury or a few 
shot, to give it a vertical position when immersed, will evidently 
not sink to an equal depth in all three of these liquids. If it 
sinks to half its length when immerst^d in water, it will sink still 
lower in alcohol, that liquid being lighter than the former, while 
in sul])huric acid, which is so much heavier than water, it will 
not sink nearly so deep.. 

These instruments, which are termed hydrometers, are par- 
ticularly adajjted for comparing the densities of diflerent fluids : 
they are employed under various names, according to the pur- 
poses to which they are applied. 
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Equilibeium of Gases. 

89. We have become acquainted, at §§ 8 and 17, with the propovties by 
which aeriform bodies or gases are so easily distinguished from Iluids and 
solids. 

In our examination of these properties we shall, for our examples, generally 
select the air that surrounds us, as everything that may be remarked as to its 
general properties holds good equally with the other gases. 

The particles of air are maintained at such a distance by heat, tliat their 
mutual attraction appears to cease altogether. The particles a a a a (hg. 65), 

existing within a certain s})ace, do not ap|)ear to 
iiave any tendency to approach in the directiuii 
denoted bv the arrows, on the contrary they 
exhibit an inclination to increase the distanbe 
between each other, by moving in the course 
shown by the arrows in fig. 66. 

Gases are, therefore, considered to be bodies, 
the particles of which exhibit a tendency to move away from each other con- 
tinually : this property is ascribed to the action of a peculiar kind of force, 
termed repulsion, 

, 90. We will now see what deductions may be made from this property of 
gaseous bodies. If the same space of air be' assumed as enclosetl in a vessel 

(fig. 67), the particles a, |x)ssessing the 
tendency to move away from each other, 
will exert a pressure on the sides of the 
vessel. 

This expansive property of gases is 
called their elasticity, or tension. 

If we inicigine the vessel (fig. 67) 
expansible to four times its size, by a 
peculiar construction of its sides, as shown 
in fig. 68, the particles a will in conse- 
quence move to a greater distance from 
each other. While, therefore, the sides of the vessel (fig. 67) had to sustain a 
pressure of 4 a, a portion of the vessel (fig. 68), marked m n op, equal in 
size to the former vessel, has to withstand only one-fourth of that pressure. 

On reversing this experiment, by cornpressing the 
air as in fig. 69 to such an extent that it occupies only 
one-fourth of its original space (fig. 70), it is evident 
that the sides of the vessel (fig. 70) will have to sustain 
a pressure of 4 a, while a jrortion of the vessel, mnop 
(fig. 69), equal in size to the former, will have to sus- 
tain only a fourth part of tliat pressure, or 1 a, 

91. In the foregoing examples we had the same quantity of air existing in 
different states of expansion and elasticity ; and we saw clearly that its elasticity 
decreases with increasing expansion, whilst, on the other hand, it gains in 
elasticity when comjiressed into a smaller space. 

This relation between expansion and elasticity obeys a certain law, which 


or 1 a, 
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may be expressed thus : the elmtidty of a gas stands in inverse ratio to the space 
it occupies. 

With the same amount of air, therefore — 

Occupying the space of I 4- -J- 4 . ^ I . . , x 

The tension is ••123456... 100 n 

92. Hence, by compressing air into a very small space, ^y means of proper 
apparatus, we can increase its tension to such an extent as to apply it to the 
production of powerful effects. 

The air-gun is an example of the application of this power, but a still more 
familiar one is the pop-gun^ a well-known toy (fig. *71), The space A is en- 



A A 
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closed by the two stoppers p p. On the stopper p nearest to the piston being 
pushed farther into the cylinder by the rod S, the air contained in the space A 
is compressed until its tension becomes so great as to drive out the stopper at* 
the mouth of tiie cylinder with great force, accompanied by a report. The 
stopper p may l^e considered as a moveable side of the vessel A. 

93. The tendency of the particles of gases to repel each other would soon 
cause the air to ])e dispersed over the whole universe if it were not influenced 
and retained by the attractive force of the earth. The latter is, therefore, sur- 
rounded by the air, as a kind of covering, which we term atmosphere^ and 
which lijxs a height of about 30 or 40 miles. 

Another result of the attraction of air by the earth is the pressure which the 
former exercises upon every substance on which it rests. This pressure may 
be measured, or, in other words, the weight of the air may be determined. 

For this purpose, a hollow glass globe is filled with air and accurately 
weighed. The air is then removed from the globe by means of the air-pump, 
ind the globe again weighed. Tlie difierence between the two results is the 
weight of the air contained in the globe. 

The density of the air has been found, by this method, to be 770 times less 
than that of water. Supposing the globe with which the experiment is made 
bo contain exactly 1 oz. of air, it would, when filled with water, hold exactly 
770 ozs. of the latter; 770 cubic inches of air weigh, therefore, as much as 
1 cubic inch of water. 

94. We are acquainted with several gases besides atmosjdieric air which ar5 
possessed of different densities : thus, for instance, hydrogen is 14 times lighter 
tlian sir ; the density of chlorine gas is 24 times, and that of carbonic acid 
^as times, greater than air. 

The application of gases lighter than air to aerostatics will be described 
hereafter. 

95. The pressure exerted by the air may be indicated and determined even 
without the use of the balance. 

The bent glass tube (fig 72, A) is supposed to contain mercury. As we 
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have seen at§ 81, the surfaces of the liquid must be CH|ually high in both annsj. 

hence it is evident that the column of mercury 
a h holds the column cd in perf(‘ct ef|uilibriiim. 

The ojXMiing a is now closed air-tight by means 
of a cork, and one-half of the mercury is removed 
from the tube by inclining and shaking it. The 
mercury will now be found not to stiind e(|ually 
high in both arms, but to remain in the ono arm, 
as shown at fig. 72, 11. What is it that now 
holds the column of mercury in eciuilibrimn ? 
Evidently nothing i‘lso than the column of air 
pressing into the other ann, and which we may 
imagine as extending upwards to the confines of tlio atmosphere. 

On removing the cork from the o|K*ning u, the mercury will immediately 
fall and stand at an equal height in lioth arms of the tube, as s(‘en at C. 'flu* 
air, pressing equally on l)oth openings of the tiilxs once mon! niainfciins the 
ec|uilibrium (comp. § 41'). 

96. The result of the experiment is slightly different if a glass tube of con- 
siderable length is employetl, each arm l)eing about il6 inches high. It will 
be found, on conducting the experiment as alH)ve, that the mercury will not 

'remain perfectly stationary in the ono arm, Init will fall to a ct>rtain [joint c 
(fig. 7d). In measuring the height of the column of mercury remaining in the 
iurin, from h toe, it will be tbund to be 29*9 inches or 760 millimeters in height. 

97. This clearly proves that the air cannot maintain in e(juilil>rium a column 
of mercury of any indefiniu? height. 

Assuming tliat the tub(* enqiloyjxl measures 1 square inch in the 
l)j)re, tiie two forces that inainbtin c*ach other in equilibrium are, 
on the one side, a column of mercury, 1 square inch in thickness 
and 29*9 inches high, consisting tln refin'e of 29*9 cubic inches of 
mercury, and, on the other side, a column of air, 1 s(iuari* inch in 
thickness, but of the* height of the atmos[)iu‘re. 

Tin* weight of the above column of mercury is about 14} lbs. 
(see § 33) : a column of air of 1 square inch in thickness, and 
of the height of tiic atmosphere, must therefore likewise weigh 
14j lbs. As the air surrf)unds the earth and every objcM-t thereon, 
an<l as the pressure of the atmosphere acts in all directions similar 
to that of water (comp. § 83), every wjuare inch (fig. 74) of the 
surface of a bo<ly situated in th»; air has continually to sustain a 
[jressure of 14^ IIjs. 

J?up[)osing the surfin* of a tabh^to measure 1 square 
meter = lt550 sf|uare inches, it would have to sustain 
a pr<*.s.suro of 1550 x 14*8 = 22,940 lbs. 

The surfoce of the Isxly of a grown [MU'son measures 
about 1 .square meter. The atmospheric }>r(.*ssure that 
such a persfm has continually to sustain, is, thor(*fore, 
efjual to the enormous weight of 22,940 lbs. Wo are, 
liowever, not in the least sensible of this [jressnre, as 
till! air, pressing equally on all sides, mainbiins itself in 
ef[iiilibriimi. If the atmospheric [iressure could be 
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suddenly removed from the one side of a man, he would receive a blow on 
the* other side equal to 11,470 lbs., a force which no human strength could 
withstand. 

98. 1'he barometer (fig. 75) is the most simple instrument for measuring 
the atmospheric pressure. It consists of a glass tuVje several lines in width 
and from M(5 to 40 inches in height, and sealed at one end. It 
is tilled i)erfectly with rriercury, its open end being closed with 
th(i finger, and then, as in fig. 75, immersed in mercury, and 
again opened. The mercury in the tube will now fall to tlie 
j)oint .S’, which is dO inches above the surface of tlie mercury in 
the vessel a, Tliis distiince is calhvd the height of tfie Ijarometer. 

In this case also, the column of mercury is evidently maintained 
ill equilibrium by the atmospheric pressure acting upon the 
surliict* a, 

'rih/ (juostion now arises, what does that portion of the tube 
al>ove the column of mercury contiin? Nothing but a jx*r- 
fcctly emptg sjfoce, which lias been named, after the discoverer, 
tlh; Torricellian vacuum. 

For a gofxl baronn*ter, the tube employed should not be t<x> 
narrow ; its bore should be at least three or four lines in diarneti r. 

The glass and mercury must Ixi ixafectlv clean ami ]’)ure, and the 
va(‘uuin must of course not contiiin a tract* of air, as the latter a 
would exert its tc*nsion in overcoming a p:>rtion of the atmo- 
spheric |)ressure. lii order to prevent the j)ossibility of the 
presence of any air, the mercury is for some time heated or boiled 
in the tube, or bef )re it is [louriHl into it. 

99. Observation has shown that the mercury in one and the SiUiie barometer 
does not at all times stand at an t:qual height ; lienee it follows that the 
]avssure of the atmosphere is not always and i.*vervwliere the sanu*. 

'riui variations in the height of the barometer are tc*nned its nsing and 
falling. 

If a baronu'tcr stands at 30 inches at the sea-side, and if it be afterwards 
taken to the toj) of a mountain, the column of mercury will no longer stand at 
the san:e height. Tlie higher the place of observation, the lower will the baro- 
meter fall. 

This is easily accounted fi>r. The distance from the summit of a mountain 
to till' coniines of the atmosphere is evidently less than from the sea-shore, 
'riiv'. column of air pressing upon the Iwometer at a certain height is shorter 
in proportion to this height, tlie force of its pressure is, therefore, less. 

'riu^ barometer is consequently an instrument of the greatest im^x>rtiince for 
detxirmining altitudes: it may be constructtxl for ti-avellers so as to lx* trans- 
portable, and has, in this state, already lx*en taken by natural philosophers ti- 
the highest summits of the Aljis, the Andes, and the Conlilleras. 

lOU. Tlu^ lioigdit of tlio liaroinett^r is, however, infiuoncod by other causes, 

l)csides the altitude of the ])lace of observation, which freiiuently render it sub- 
ject U) certain variations. t:?evere tempests, which arise from great disturhinoes 
in the e(|uilibrium of the air, and earthquakes, are goneraliy preceiled by a 
i;onsiderable fall of tlie iKirometer, 

If the air contains much aqueous vapour, as it generally does in fine and 
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wanii weather, the pressure of the air is increased by the tension of the 
vajwur : at such times the Inirometer will stand very high. 

But wlien, on the cooling down of the air, the vapours lose their tension, 
the pressure of the atmos[)here will of course' decrease, and the liaromoter will 
fall. The condensetl va}K)urs soon render themselves visible in the form of 
clouds and rain. 

As the barometer indicates these changes long before the clouds and rain 
make their appearance, it may considered as a prophet of the wiather, and 
is to be found in that capacity in many houses. 

101. The atmosjihere is not equally dt'use at every height. Its density is 
greatest at the surface of the earth, the lower strata of air having to sustain tlu? 
pressure of those above. 

The decrease of atmospheric pressure is observed to bo considemble even on 
the summits of very high hills. If a lK)ttle, tilleil with air and wi.*ll corked, 
Ix^ taken to a groat height, the cork will be fon'ed out of the bottle. The 
blood is driven, by the action of the heart, with a certiiin force into the fine.st 
and most delicate veins in the extremities of the human IkkIv, which are, how- 
ever, capabK-, under tlu' ordinary pressure, of withstanding this force. At 
altitudes of ‘J4,00o and 26,000 ft*et, howt'ver, where the atmospheric pressure 
on the surface of the body is much lessened, these small bkKKl- vessels l>urst, the 
bh>)d forcing its way through them. The air at those lieiglits is likewise no 
longer siillicit'ntly dense for j)orfect respirati»m. 

102. Th<* tension, or the exjiansive pro|K'rty, of the air allbrds us a means 
of raritying it in clos<\l vessels, to such an extent that the latter may he almost 
oonsidered as free from air. 'Phe instalments used fur this purjM>se are called 
air-pHmp^\ 

Let us examine the construction of such an instalment (fig. 70 ). The tall 
cylinder, a be f/, is connected by means of a tube with 
the glass lx ‘11 7 , the margin of which tits air-tight ii|>on 
the disc 0 y;, which is Ciilled the plate of the air-f»innp. 
The bell is the space in which the air is to be rarificd. 
For tliis pur|K>so, t!«j cylindiir a b c d is pna ideil with 
a piston fitting air-tight, and perforansi in the centns 
and with the two valves h and A, which o|M.*n whr*n a 
]in ssure acts upon them from below, and remain closed 
In the Opposite case. 

Tlie pist^jn having been first jaislnsi into tin* cylinder as far as h c, is now 
drawn upwards. I’he valve h first remains closed, on account of the pressure 
of the external air, and thus a vacuum in b c is j)roduced. But, in consofjuencc 
of the tension of the air, a ]K»rtioii of that contained in the Ijell aishejj imnu*- 
diately through the opening n into the tiilx, lifts the valve A, juid fills the 
«|iace c. Thus, by the exit of a portion of the air contained in the l>oll, 
tlie remainder must have become rarificd. The piston is now again pnslM*d 
down into the cylinder. The rarified air in e. f be b<*ing thereby comfiressi'il 
and consequently condensed, th(? valve A will remain firmly ckxsod, and the air 
will force op?n the valve A, and makes its exit through the opening in the piston. 

By repf*ating this ojicration, the air is continually rarified until its tension no 
longer suHices to lift the valve k; in which case no farther rarification can lx 
produced. 
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Wo now proceed to illustrate this remarkable phenomenon. 

Tlie bell now no longer contains any air, the tension of which would coun- 
teract the pressure of the external atmosphere UfX)n the bell. The latter is, 
therefore, ])resscd dowm with such power ujwn the plate, that it cannot be 
removed by the application of considerable force. It is only after admission 
of air into the bell by means of the cock /, that we are once more enabled to 
remove it with ease. 

103. Of tlie many remarkable experiments that may bo made by moans of 
the air-pumj), we will mention one in particular that has attained histf>rical 
celebrity. 

Otto von Guerike in Magdeburg, the inventor of the air-pump, constructed 
two hollow hemispheres of copi>er, the <Klges of which 
fitted accurately to each other (fig. 77). The latter 
were riil>bed over with grease, pre.ssGd tightly together, 
and the globe was then cxliaasted of air, through the 
cock c. The two hemispheres, that fell asunder before 
exhaustion, were now pressed together by the external 
air with such force that several horse.s, attached to the 
ring of c*ach hemisphere, could not exert suflicient force 77. 

tt) separate them. 

This beautiful ex|)eriment was [)erformed, in the year 1G50, to the great 
astonishment of all beholders, at the Inijjerial Diet at Katisbon, in the presence 
of the Einjwror Ferdinand III. and a nund^er of princes and nobles. 
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It may be shown, by means of the air-pump, that all bodies fall witli equal 
velocity when in a vacumn, and tliat otiiinals cannot exist therein ; and a 
number of other phenomena are produced by die aid of tliis instrument, 
of which mention am be made only hereafter. 

104. Miiny ])henomeiia, such as respiration and suction, and many rmportaiu 
instruments, as the suction-pump and fire-engine, depend upon the pressure of 
the atmosphere and the production of rarified s]>aoes. 

By enlarging the siMice of the cavity of tlie chest, by means of particular 
muscles, the air couteined therein is rarified, and a fresh portion enters from 
ilio atmosphere ; thus is produced. On the contraction of the sides 

of the chest by tlie muscles, the air contained in the cavity is compressed and 
escapes ; this is termed exhalation. 
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On immersing one end of a glass tube, the stem of a pipe, or a reed, into 
water, and applying suction to the other end, the air will become rarified, and 
the water will be forced upwards by the pressure of 
the external air. 

An arrangement for effecting suction by means 
of the air-pump, instead of the mouth, is termed a 
pump, 

105. The pump consists of a reservoir (fig. 79), 
generally speaking, an underground cistern, into 
which extends the suctiov^pe B, which may lx? 
closed by the valve C. Above this are situated the 
cylhider D and the spout E of the pump. The cy- 
linder contains the piston^od F of the perforated 
piston, with the pistorir^cdve H. 

On raising the piston the air in the space 
beneath is rarified, and causes the valve H to re- 
main closed ; while C opens and admits the water 
from the suction-pipe into the cylinder. On the 
piston being depressed the valve C is closed ; the 
water that has been raised above it forces o{:)en 
the valve H, and passing thereby through the 
piston, reaches the upper portion of the cylinder, 
whence it flows out when it arrives at the spout. 
The number of strokes .to be made with the piston 
before the water flows out of the spout of the pump 
depends upon the relative size of the various parts of 
the instrument. 

106. Water cannot, however, be raised to any 
height by moans of the suction-pump; because the pressure of the atmosphere 
is incapable of forcing water higher than about 32 feet. We have ascertained 
(§ 96) that it is capable of maintaining in equilibrium a column of mercury 
30 inclies in height ; water being thirteen times lighter than mercury, a column 
of water 13 X 30 inches in height is required to counterbalance the pressure 
of the column of mercury, or the pressure of the atmosphere. 

The height of the first valve above the surface of the liquid should, therefore, 
not exceed 30 feet. It is still possible to raise the water in the cylinder, but 
not to a much greater height, as the operation of pumping becomes too 
laborious. 

If, therefore, water is to be raised from a considerable depth, or to great 
height, forcing-pumps of peculiar construction are substituted for the suction- 
pump. , 

107. The action of the fire-engine (fig. 80) depends principally on tlu» 
increased tension of compressed air. The various parts of this machine are 
situated in a large vessel or cistern, which is kept continually filled witli 
water. In its centre is fixed a strong receiver, a, called the air-chamber, in 
which the tube g reaches nearly to the bottom. When the enf^ne is about 
to be used, this tube is first closed at g, by means of a cock. Water is now 
pumped into the air-chamber by means of the two suction-pumps e e, and as 
the air cannot escape from the former, it becomes more and more compressed 
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therein, as fresh quantities of water are introduced. When the pressure has 
attained a certain force, the cock at ^ is opened, and the compressed air at the 
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top of the clmnil>er immediately drives out a jet of water with gr(‘at foi-ce 
through the opening of the pipe. As water is continually pumped into the 
air-chamber, an unintormpted jet is thus obtained. 

The manner in which the air-chamljer acts may be easily shown by half 
filling a little bottle with water, corking it up, and fitting a small glass tube, or 
the stem of a pipe, air-tight, into the cork, so as to reach nearly to the bottom » 
of the bottle. On blowing forcibly into the tube with the mouth, the air in ■ 
the vessel becomes compressed, and as soon as the external pressure at the 
moutli of the tube is removed, a iet of water will be forced out of the glass. 
(Fig. 81.) 

108. If a tumbler be perfectly filled with water, tlie surface covered with 
})iece of paper, and the glass then inverted, the water w'ill not flow 
out, Ixiing prevented from so doing by the pressure of tlie atmo- 
sphere against the external surface of the paper. The use of 
the paper is merely to enable the experimenter to invert the 
glass, and to prevent any water from running out at the sides, 
or particles of air from entering in its place. If the lower 
<^pening is sufliciently narrow to prevent the efflux of the water, 
as is tlie case with the dipping-syphon, the paper is no longer 
required. The dipping-syphon (fig, 82) is a tubular vessel, some- 
what contracted above and below, and open at both extremities. 

If it be immersed in a liquid it will lx?come entirely filled, and, 
by closing tlie upper orifice with the tlimnb, the syphon may 
be lifted up without any of the fluid contained in it escaping. 
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A modification of the common syphon, known as Mitscherlich’s syphon 

(fig. 83), consists of a bent tube ^ c, whose 
legs are of unequal length, the shorter one 
being curved upwards, as shown at c, for 
the purpose of drawing a liquid from above 
downwards, and thus removing it with more 
facility from the precipitate d. If, after the 
shorter leg is plunged into the solution, the 
whole tube be filled by closing with the finger 
the lower aperture and sucking out the air 
at 0 , the liquid, on removal of the finger, will 
continue to run out at the end of the longer 
leg and may thus be perfectly separated 
without disturbing the precipitate. The ac- 
tion of the syphon is readily explained : tlie 
column of liquid in the longer leg, and that 
reaching in the shorter leg from the curve to the surface of the fluid in the 
vessel, have both a tendency to obey the law of gravity. This tendency, how- 
ever, is opposed on both sides by atmospheric pressure, acting on tlie one 
side at the aperture and on the other upon the surface of the liquid in the 
vjcssel ; thus preventing, in the interior of the tube, the formation of S vacuum 
which would take place at the curve if the two columns ran down on both 
sides. By the pressure of the atmosphere acting with equal force, a perfect 
equilibrium would bo established if the columns of water were equally high in 
both legs; that is, if the opening w’^ere at the elevation of the level of the 
water in the vessel ; as soon, however, as g lies deeper than c, the column in 
the longer leg preponderates, and, in proportion as the liquid escapes, a fresh 
portion is forced into the tube on the other side by the pressure of the air, so 
that the liquid continues to flow out at g until the level has fallen to the height 
of the aperture c. 

II. PHENOMENA OF VIBRATION. 

109. We are now about to enter upon the consideration of a class of 
phenomena differing widely from those dready examined, both by their ini- 
ipressions upon our senses, and by the manner in which we amve at a con- 
ception of their origin and nature. 

However much the most zealous and ingenious philosophers have enriched 
us with their experiments and the deductions they have arrived at, it still 
remains a difficult task to form a clear and definite idea of the nature of thes(‘ 
phenomena. 

.110. We have become acquainted with niatter as something occupying 
space, obeying the laws of mutual attraction, and under every form possessing 
weight. It is now necessary to enter upon the consideration of a class of 
phenomena which are independent of weight. 

The term Ether has been adopted ta express something opposite to matter ; 
something that is not accumulated, like the latter, into bodies in different parts 
of the universe, but distributed over the whole in a state of infinite subtlety. 
Ether, therefore, penetrates even matter; and we cannot conceive an idea of a 
substance without every particle thereof being surrounded by ether. As it 
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does not occupy space in the same manner as matter, and is not influenced by 
attraction, it exists equally in the rarified space of the air-pump and in the 
perfect vacuum of the barometer. It exists in everything, just as though the 
whole universe had been immersed in ether, and had become completely and 
eternally penetrated by it. 

But how are we to recognise the presence of that in which all the properties 
by which we distinguish material bodies are absent ? Ether also possesses its 
peculiar properties, by which alone we are enabled to form a conception of it. 

Besides being possessed of exceeding sybtkty, ether is also endowed with 
the highest rnMity^ and only becomes evident to our senses when in motion. 
Its slightest vibration distributes itself, therefore, over a great distance, until, as 
it reaches our senses, it produces sensations which we describe as heat and 
light. Other kinds of motion of ether render themselves perceptible to us by 
the production of phenomena which we comprise under the names of Electriciig 
and Magnetism. 

Scientific men naturally hesitated in adopting a conception of ether ; for it is 
one of the most important principles in science to assume the existence of that 
only which may be made directly perceptible to the senses. Although this 
has not been possible as yet with regard to ether, we are enabled to increase* 
our belief in its reality by calling to our aid that which is most similar to it, 
and which renders its existence more probable. . 

No man doubts the existence of the mind or the soul. Though invisible 
and incomprehensible to us, we are convinced of the presence of the soul by the 
wonderful and manifold actions of which it is capable on the slightest impulse. 

And why should it be a matter of such difficulty to exalt our ideas to the 
conception of ether as something supermaterial, of exceeding fineness, after 
having become acquainted vfdth water existing as a solid, a liquid, and a gas ? 
There was a time when tlie conception of air as a body, presented to the mind 
a greater difficulty than does now the assumption of the presence of ether in 
the universe. 

Our belief in the existence of ether finds its principal support in the fact 
that through this assumption we are enabled to form connected and sensible 
id(\as of a variety of phenomena, and, indeed, to predict them, and confirm 
such by experiment, tliat we could not otherwise satisfactorily account for in 
any manner. It should, however, be observed here, that this physical ether 
must, by no means, be confounded with the fluid known in chemistry by the 
same name. 

Vibrations in General. 

111. A peculiar vibratory motion may be imparted to matter as well as to 
ether. The vibrations of matter produce in us the sensation of sound; while 
those of ether render themselves perceptible as heat and light. 

As the clearest conception can be formed of vibrations by comparing them 
to the waves produced by throwing a stone into smooth water, the term mdu- 
latory or wave motion has been adopted in general to express the phenomena of 
vibrations. 

A distinction is made between standing waves and moving or progressing 
waves. The former are produced by taking hold of a stretched cord or string 
in the centre, drawing it on one side, and then leaving it to itself. Progressing 
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waves are formed by throwing a stone into water, or giving a blow to a 
tightly-stretched cord. The diflerence between these waves depends upon the 
following principles : — 

When the state of rest or equilibrium of a stretched cord is disturbed, by 
imparting to the latter an undulatory motion, every portion of the cord returns 
for an instant, at each vibration or wave that it describes, to the position of 
equilibrium ; or, in oth^ff words, the position of equilibrium is passed. Pro- 
gressing waves differ particularly from standing waves in the circumstance that, 
with the former, the various vibrating parts will only pass the position of 
equilibrium one after the other, while it is simultaneously performed by tlie 
vibrating points of a standing wave. 

The waves of water are well known to spread themselves in uniformly- 
increasing circles over the whole surface, so that the most distant portions of 
the w^ater are gradually set in motion Wjt -waves consist of alteniate ele- 
vations and depressions. The whole number of w '.ves, produced by throwing 
a stone into water, is termed a system of waves. • 

The meeting of two different systems of waves, produced, for instance, by 
throwing two stones into the water, is accompanied by very peculiar pheno- 
mena. On their coming in contact, tlie elevations of the one system may meet 
with those of the other, and the wave depressions of the two systems may 
likewise come in simultaneous contact with each other, the result being the 
production of higher elevations and deeper depressions ; or an elevation of one 
system may meet a depression of the other, in which case it is obvious that 
the two waves will counteract each other, and the undulatory motion will 
cease. This so-called interference of wave-systems produces points of rqme or 
nodes ; several of these, situated side by side, form lines of repose or nodal Urns. 

On progres;<ing waves meeting with a sufficient inij)ediment, their farther 
progress is not only prevented but they are also thrown back. If, therefore, 
the waves moving along from one end of a cord meet with others coming in 
the opposite direction, nodal lines are also easily produced, the cord being 
divid^ by them into a number of standing waves. 

Undulatory motions are most powerful at the point where they originate, 
and at the moment when they commence. They become smaller and decrease 
in power with every succeeding fraction of time, the farther they spread from 
the point where they originated. Sound, heat, and light, therefore, decrease 
in strength the farther we are distant from the point of their origin ; this 
decrease of power stands in direct ratio to the squares of the distance. 

The waves of a vibrating string proceed only in the direction of its axis. 
The waves of water spread in circles, which increase in size from the point of 
ori^n on the horizontal plane of the surface. But in order to understand the 
vibrations of air and ether we must avail ourselves of another illustration. The 
point, for instance, at which a sound commences, we may consider as the centre 
of an infinite number of strata of air which surround that point in the form of 
hollow spheres of gradually increasing magnitude. The sound ij> farther spread, 
from the inner to the outer, by the progressive vibrations of all these spherical 
strata of air. These vibrations consist of the alternate approaching and receding 
of the strata of air, by means of which condensations and rarifactions are pro- 
duced. By- the same laws, heat and light diffuse themselves from the point of 
origin in dtt directions. 
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Straight lines which proceed from the centre through the circles of water 
waves, or through the spherical surfaces of vibrating air, are called wave-rays^ 
and hence we speak of rays of sound, heat, and light. 

A diffarence may, however, exist among the vibrations, according to the 
length or height of the waves, originally set in motion, as also according to their 
direction and velocity, i. e,, the number of vibrations occurring within a certain 
time. It will be seen that these differences exercise considerable influence 
over the phenomena resulting from undulatory motion. 

We have now endeavoured to arrive at a general conception of the nature of 
sound heat, and light ; we must not, however, omit to state that the above is 
not til" only view^ by which these natural phenomena, so remarkable in their 
appetvance and effects, are accounted for. 

^ it .. not so “nucii ou* object in this work to enter into the investigation of 
tlieories, or to compare the views of different philosophers, as to arrive at a 
knowledge of the most important facts which have been gleaned from nature by 
scientific men. It is our intention to communicate these, making use only of 
the most popular expressions, twen if they should not always agree exactly with 
tilt, view entered into above. Muller's itindvlaiory disc is of great assistance for 
attaining a proper conception of wave motion. 

I. SOONI). 

m 

112. Daily experi(*nce teaches us tliat scarcely any motion of surrounding 
objects can fc.ke place without producing an audible sound. We may say with 
certainty, that every sound is the result of the vibrations of a ])ortion of matter, . 
and the nature of the wne or sound deji^nds only on the manner in which I 
these vibrations arise. Sounds generally reach our ears through the air, as 
waves of sound. These are produced l>y the alternate condensation and rari- 
faction of tlie air at certair points. With wires, bells, and tuning-forks, it is 
the boditis thems(*lves that produce the sound which the air only serves to con- 
vey. In wind instruments and the human voice, it is the vibrating columns of 
air that sound. 

The following remarks hold gfK)d in general with regard to sound : the 
height or depth of a tone depends on the number of vibrations made by the 
sounding body in a given time. The smaller the number of vibrations, the 
deeper is the tone, and vice versa. The length of the different sound-waves 
stands in the closest relation to the tone produced. The deeper notes are pro- 
duced by the longer, and the higher ones by the shorter sound-waves. 

The deepest tone that can be produced, results from vibrations, of which 14 
or 1 5 arc performed in one second. The <ieepest note that is applied in music, 
is that obtained by the organ-pipe of 16 feet length, closed at its upper end, 
which produces sound-waves of 32 feet. On the other hand, there exist high 
notes, the vibrations of which number 48,000 in a second. The wave-length 
oi the highest musical notes is 18 lines. Higher or lower tones than tire abov<‘- 
named can no longer be clearly distinguished by the ear, and are, therefore, net 
accepted as notes. 

113. The phenomena of vibrating strings may be most conveniently examined 
by means of a string or wire (fig. 84), which may be lengthened or shortened 
by a moveable bridge, and stretched more or less forcibly by weights attached 
to one end. 



68 


PHYSICS. 


It may be easily proved by meaos of an arrangement of this description, that 
tlie number of vibrations of a string is the greater^ the shorter and the thinner 



84. 


it is, and the tighter it is stretched^ and lastly, the smaller the density of it is. 
Such strings consequently produce tlie highest tones. 

The depth of tone of a string increases, therefore, with its thickness, density, 
and length,- and with the decrease df the tension. The strings of the piano or 
harp are examples of this. Those strings which are to produce the deepest 
tones, on the violin and double bass for instance, are covered with metallic wire, 
whereby their specific gravity is increased. Strings of equal length may 
possess different tones, according to their comparative thickness, or the unequal 
force with which they are stretched. 

114. If we now notice a tone which has a certain number of vibrations, and 
call it, for instance c; the note that makes just double the number of vibrations 
in the same space of time, is called the higher octave, and the one that only 
performs half the vibrations, the hioer octave, of C. Between every note and its 
octave, there are six other notes, the names and vibrations of which are as 
follows : — 


Key note. Second. 

Third. 

Fourth. 

Fifth. 

Sixth. 

Seventh. 

Octave. 

c* d 

e 

/ 

g 

a 

h 

C 

1 ^ 


4 

•3 

i 

s 

¥ 

2 


These relations of the numbers of vibration are th^ same through all octaves 
and for all notes, by whatever instrument they may be produced. If the deep 
noteC produced by the 16-feet pipe makes *32 single or 16 double vibrations in 
a second, its octave will make 64, its tliird 40, its fifth 48, &c. 

The ratios between the numbers of each two consecutive notes in this series 
are not alike. In the following list, the fraction placed by the letter denotes 
than how much greater the numb^ of vibrations of each following note is, 
that of the preceding one : — 

d e f g « ^ ^ 

1 i- tV It J- i' TT 

d therefore makes l-J- times as many vibrations as c in a given time, e H times 
as many as d,f, 1 times as many as e, &c. 

The intervals from c to d, from d to e, from f to g, from ^ to a, and 
from a to 6 , are called xiohok tones, and measure either i or |. On the 
other hand, the intervals from e to and from ^ to c, arc called semt-4iones^ as 

they measure only about one-half of tlie above spaces, namely, TT' In order. 
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however, to be able to proceed from any note, with the intervals as they are 
given above, it becomes necessary first to introduce semitones between c and d, 
/ and g, g and 6, giving to' them the names c sharp, d sharp, f sharp, g sharp, 
a sharp. 

The key-note always forms with its octave, third, or fifth, a cowsana/ice, with 
all together a concord; and with its second, or seventh, a discord. 

115. If a stretched wire be supported in its centre by the bridge, and the one 
half stroked with the bow, the other half will also vibrate : this may be proved 
by placing small paper riders on the latter, which will be thrown off by the 
vibrations. 

If the string be supported by the bridge at one-third of its length, and the 
other two-thirds be covered with paper riders, they will all fall off on the first- 
third of the string being stroked with the bow, with the exception of those 
wliich are situated exactly on the second third of the string. This point con- 
sequently does not participate in the vibrations of the string, and is, therefore, 
termed the mdal point. On supporting the string at one-fourth of its length, 
it is divided into four vibrating parts, with two nodes or points of repose, and 
so on. 

When discs, bells, or plates are sounded, the vibratory motion is likewise 
not imparted equally to all parts. This, for instance, may be rendered per- 
ceptible by strewing a glass plate with fine sand, laying hold of it at one point 
and stroking its edge with the bow. The vibrating portions of the glass will 
cast the sand on to those points of repose which will form nodal lines in various 
mutual directions. 

By employing square or round plates of glass, and by altering the point of 
support, the place where the vibratory motion is imparted, or the force with 
wliich it is imparted, a variety of sound figures may be produced, such as are 
shown in figs. 85 and 86. 



85 . 

116. Sound distributes itself in all directions, the vibratory motion being 
imparted from one particle to those which surround it. This proceeds wnth 
^ great velocity, for it has been observed that sound travels, in the ordinary atmo- 
/sphere, at a rate of 1,2=&0' ^ second. Its velocity is, however, far surpassed 

‘ by tliat of liglit, as may be observed when a gun is fired off at a distance. The 
fire and smoke are first seen, and the report is heard only some time afterwards. 
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We see the lightning before we hear the thunder that is produced simul- 
taneously, and we judge correctly of the distance of the storm by the interval 
that elapses between the observation of both. 

It is remarkable that sound passes much more rapidly through denser bodies 
than it does through those which are of less density. It is well known that 
the roar of cannon, die ti’ampling of horses, &c., may be heard at a much greater 
distance by holding the ear to the earth, than merely by listening in the open 
air. Water also conducts sound to a great distance : and fish will hear th(» 
sound of a bell or fife summoning them to be fed. 

At considerable altitudes, where the air is less dense, the sound of the voice 
is more feeble, and the report of a musket is not audible at so great a distance. 

If, however, the sounding vibrations are imparted to a body in vacuo, they 
cannot commmiicate beyond that body, and will, therefore, not be heard. This 
experiment may be easily made by means of the air-pump. A bell, suspended 
and struck in a vacuum, will not be audible. As soon, however, as air is 
admitted into the space, tlie sound will be distinctly heard. 

117. When the sound rays, passing through the air in a straight direction, 
meet with denser objects, the direction of their course will be more or less 
altered. They may indeed, if they meet with a solid obstacle, be perfectly 
repelled or reflected like the water-waves on the sea-shore. I'hc phenomenon 
of reflected sound is called ec/io. In order to hear an echo of one syllable, the 
observer must be at least 60 feet from the surface whence the sound is reflected ; 
for an echo of more syllables the distance must be from 116 to 120 feet. 

SpeaUng-tviJbes are employed for the conveyance of sound, particularly of lan- 
guage. They are tin tubes, about one inch in diameter, and extending from 
one story or room to another, or from the mast-head to the deck of a vessel. 
A word spoken into one end of the tube will be distinctly heard at the other 
end, the sound-waves being prevented from dispersing. 

The speaking-trumpet is a cone-shaped instrument, likewise serving to retain 
the sound-waves more together, by which means they may be directed with 
])articular force in one direction. On the other hand, a similar instrument is 
employed as a hearing 4nmpety the wide opening of which collects the waves of 
sound, and conducts them to the ear. 

II. Heat. 

118. The conditions which we term luot^ warm^ or coW, appear to be the results 
j)roduced by certain vibrations of matter. These conditions are not really 
opposed to each other, but may be regarded as different degrees of one general 
phenomenon which we call heat^ and which, besides rendering itself sensible to 
our feelings through the above conditions, always exerts an influence on the 
expansion of bodies. 

On inc^uiring into the proximate causes of heat, they will be found to be various. 
Heat renders itself sensible when two bodies are rubbed or knocked together. 
It is well known that savages obtain fire by the friction of two pieces of wood, 
and that the smith can make a nail red-hot by tlie proper management of his 
hammer. A great quantity of heat is likewise disengaged in the turning or 
boring of metals. When bodies are reduced to a higher degree of density, a 
considerable evolution of hoat takes place ] as for instance, by the rapid and 
powerful compression of air, and by the slacking of lime. 
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Various and important phenomena of heat are the results of chmicd com- 
binations which are unceasingly proceeding in Nature. The best known of these 
is the process of combustion, which is commonly applied by us to the pro- 
duction of heat for our own purposes. Even the chemical decomposition of 
food continually proceeding in the human body is an abundant source of heat. 
Electricity likewise produces considerable heat, as is proved by the effects of 
lightning. 

The earth, moreover, possesses in itself a certain amount of heat, w'hich is 
but slightly perceptible on its surface, but becomes more sensible to us at some 
depth, so that we have reason to assume the existence of a considerable degree 
of heat in the interior of the earth. 

Finally, we regard the sun as the principle source of the heat felt on the 
surface of the earth, as rays of heat, besides those of light, arc daily imparted 
by it. If the earth were not under the influence of solar heat it would differ 
widely in its nature from its present state. 

Whatever may be the source whence heat is derived, it always exhibits the 
same phenomena in its relation to other objects. 

Expansion by Heat. 

119. One of the most common phenomena produced by heat, which is sen-, 
sible to the eye, is tlie expansion of bodies. It has already been shown (§17) 
that the solid, fluid, or gaseous state of matter is entirely dependent on the 
influence exercised thereon by heat. 

Examples of this expansion may be easily found. A metallic ball, which is 
a little too large to pass through a ring of metal, will, on the latter being 
heated, fall through it with ease, the ring being expanded by the heat. 

If a vessel be filled completely with a liquid, and the latter heated gradually, 
it will soon flow over the edge of the vessel, in consequence of its expansion. 

A bladder, pressed together, with the opening firmly tied up, but containing 
still a little air, will, on being wanned, assume the same form as if it were 
inflated with the mouth, in consequence of the expansion of the enclosed air. 

120. The expansion of bodies furnishes a very valuable means of ^ 
comparing the effects of heat, and likewise of measuring its increase. 

Heat, as far as it exerts its influence on the comparative expansion of 
Ixxlies, is termixi temperature^ and the instrument employed for mea- 
suring the latter is called a thermometer (fig, 87), 

The thermometer, like other important philosophical instruments, 
as the pendulimi and barometer, possesses the advantage of great sim- 
plicity. 

A glass tube is chosen for the construction of the thermometer, the 
bore of which is perfectly uniform throughout, having about the width* 
of a moderate-sized needle. A small bulb is blown at one end, and 
then filled with pure mercury. The mercury is now heated, upon 
which it expands, and fills the whole tube, which is from 6 to 10 inches 
in length. As soon as the mercury is at the point of protruding from 
the tube, the latter is sealed, so that it now contains no air whatever, 
but only the mercury, which on cooling again contracts, so as to stand 
to about one-third or one-fourth of the height of the tube. 87. 
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When a tube thus prepared is immersed in melting ice, the column of 
mercury will stand at a certain height, which is accurately noted by a 
mark made on the glass tube. The thermometer is then placed for some 
time in boiling water, and the height to which the mercury rises likewise 
marked. 

Whenever the thermometer is introduced into melting ice or boiling water, 
the mercury will stand at exactly the heights already noted, which shows that 
a lx)dy always occupies the same space at an equal temperature, and that this 
space decreases proportionately as the body becomes colder. 

The point to which the mercury sinks, when the thermometer is immersed 
in melting ice, is indicated by a nought^ and is called the freezing-point. That 
point to which the mercury rises, when the thermometer is plunged into boiling 
water, is called the boiling-point. 

When, therefore, the tliermoraeter is placed in any other position, we can 
judge of the surrounding temperature from the point at which the mercury 
stands in the tube. We called the tem})erature high if the mercury is near to 
the boiling-point, and low if it approaches tlie freezing-point. 

In order to give greater accuracy to such determinations of temperature, tlie 
space between the two points above mentioned is divided into a number of 
equal parts, which are called degrees. This division of the tube is also ex- 
tended beyond the freezing- and boiling-points ; those degrees that are situated 
above the former are termed Iwat-degrees^ and are denoted by the sign 
while those below the freezing-point are called degrees of cold,, and are indicated 
by the mark — . 

121. In some thermometers the distance l)etween the freezing- and boiling- 
points is divided into 80 equal parts. This scale of divisions was first made 
by Reaumur, after whom it has been named : this kind of thermometer is most 
frequently employed in Germany. In France and in scientific works a ther- 
mometer, with a scale of 100 divisions, or the Centigrade thermometer, is 
adopted, in which the boiling-point stands at 100°. But in this country a 
thermometer, with a perfectly different scale, constructed by Fahrenheit^ is 
most generally employed. The following comparative table will most clearly 
show the relation existing between the ditterent scales : — 


Fahrenheit 

Scale. 

Centigrade. 

Reaumur. 

— 

- 4“’ 

- 200 

- 16° 

• 

H- 14 

- 10 

- 8 


32 

0 

0 

Every 5 degrees on the Centigrade scale arc here 

50 

+ 10 

4- 8 

seen to lie equal to 4 degrees on the Reaumur 

68« 

20 

16 

scale. In order to prevent mistakes in the state- 

80 

30 

24 

ment of temperatures, it is customary to describe 

104 

40 

32 

particularly the scale employed. Thus, for 

122 

50 

40 

instance, -j- 15^ F. signifies 15 heat degrees on 
the Fahrenheit scale; or — 16° C. is equal to 

140 

60 

48 

158 

70 

56 

16 degrees of cold on the Centigrade scale. 

176 

80 

64 

194 

90 

72 


212 

100 

80 
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122. The following is a Table of a number of Temperatures worthy of 
notice; — . 


— 

Fahrenheit. 

Centigrade. 

Reaumur. 

Freezing-point of spirit of wine - - - 

-68=> 

-900 

-720 

Freezing-point of mei*cury - - - - 

-40 


-32 

Temperature at the Polar regions 

-32'8to-40 


-28 to -32 

Lowest winter temperature - - - - 

i;jlo*4to— 4 

-12 to -20 

-10 to -16 

Freezing-point of water - - - - 

32 

0 

0 

Greatest density of water - - - - 

39-2 

+ 4 

-1- 3*1 

] Dependent on 

] 59 to 77 

15 to 25 

12 to 20 

Tv*^*^* the surround- 

Ttempemture of the bodies of | j 

manv amphibious animals ) ° 

1 59 to 86 

15 to 30 

12 to 24 

Mean temperature of Frankfort-on-the-Maine 

48*2 

9 

7 

Mean temperature of a room - - . 

68 

20 

16 . 

General summer heat - - - , - 

68 to 77 

20 to 25 

15 to 20 

Higher summer heat - - - - 

75-2 to 96-8 

24 to 36 

19 to 28 

Mean temperature of the Equator 

84*2 

29 

23 

Temperature of the human body, or blood heat 

98-6 U 

37 

29 

Boiling-point of ether - 

95 

35 

28 

Temperature of the bodies of birds 

107*^ 

42 

34 • 

Melting-point of wax - - - - - 

154*4 

68 

54 

Temperature at which phosphorus ignites - 

167 

75 

60 

Boiling-point of alcohol - - - - 

172*4 

78 

62 

Boiling-point of water - - - - - 

212 • j 

100 

80 

Melting-point of sulphur - - - - 

226*4 

108 

86 

Melting-poiqt of lead ----- 

611*6 

322 

267 

Boiling-point of sulphuric acid - - ^ ;r 

618*8 

326 

260 

Boiling-point of mercury - - - ? - 


360 

288 

Melting-point of silver - - - - - 

KkkIH 


800 

Melting-point of cast-iron - - - - 

2192 i. 

1200 

980 

Melting-point of gold - - - - - 

2282 h 



Melting-point of bai'-iron - - - - 

2912 • 

1600 

1280 


It is very remarkable, in the preceding series of temperatures, that water at, 
+ 4° C. (39° F.) is denser than ice. It is, however, owing to this exception 
tliat in winter the waters of our rivers are not frozen to the ground. 

123. As mercury freezes at — 40° C. (— 40° F.), we employ, for the 
determination of very low temperatures, thermometers filled with alcohol, 
coloured red. Degrees of heat, situated near or above the boiling-point of 
mercury, can likewise be no longer determined by a mercury thermometer. 
The various methods employed for the determination of such higji tempe- 
ratures are all attended with difificulties ; the expansion of air presents tht 
means upon which most reliance can be placed. 

The expansion of solid bodies, particularly of steel, is applied to the con- 
struction of other kinds of thermometers, which find, however, but little 
application. 

124. The force with which bodies are expanded by heat is exceedingl}’ 
^eat. The strongest vessels, when filled with water or air, tightly closed and 
heated, are often incapable of withstanding the force of expansion. It is of 

H 
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great importance in many respects, particularly in the construction of nia- 
chineiy, to know the extent to which solid bodies expand at certain differences 
of temperature : determinations of this description have been made with the 
gi'eatest accuracy. 

The fracture of solid bodies in consequence of unequal expansion, such as 
the cracking of a tumbler when placed on a stove, is of very frequent occur- 
rence, and admits of a simple explanation. The lower particles of the glass 
become heated and expanded sooner than the upper ones, which still remain in 
their original state. Hence a tension or pressure is produced in the glass, 
frequently causing it to crack. The thinner the glass, or the more gradually' it 
is heated, for instance by placing paper under it, the less likely will there be 
an unequal expansion, and, consequently, danger of fracture. 

125. A second result of the expansion of bodies by heat is the decrease of 
their density. This is particularly perceptible with fluid and gaseous bodies. 
If water is heated in a vessel, the lower strata, which become heated first and 
are thereby rendered less dense, rise to the surface, while the colder portions 
sink to the bottom of the vessel. A motion is thus produced in the water 
which is perceptible on the introduction of a fine powder into it. This motion 
continues until the whole mass of water has attained an equal temjt^rature, and, 
therefore, uniform density. 

^ A still more rapid motion is imparted to the air by heat In warmed rooms, 
the lower stratum of air is frequently quite cold, while the upper portion is 
already thoroughly warmed. The so-called draughts in stoves are caused only 
by the ascent of the air heated by the fire. The ascending of warm air may be 
rendered visible by a very pretty little contrivance. A piece of card-board is 
cut into a spiral form, and one end is fixed on the point of a knitting-needle, 
the other end of which is stuck into a pie^ of soft wood. On standing this 
upon the top of a stove, the heated air as it ascends will make the card-strip 
revolve round the needle, thus giving it the appearance of a snake. If a good- 
sized globe of thin paper be infhted with air, which is rapidly heated, the globe 
will ascend to a considerable height, and may even be made to remain a long 
time in the atmosphere, by suspending to its opening, at the bottom, a vessel 
containing burning spirit 

126. • Winds are, generally speaking, nothing more than currents of air, pro- 
duced in consequence of the unequal temperature of different parts of the 
atmosphere. This is most regularly shown by the trade winds, which are 
produced by the ascent of heated air from the equator, and its replacement by 
dense cold currents of air from the poles. The revolution of the earth, how- 
ever, tends to give them a direction parallel with the equator, so that, in the 
nortliem hemisphere the tmde winds follow the mean of the two directions, 
namely, north-east. 

The prevailing land and sea breezes on the coasts are also very regular. After 
sunrise, a wind sets in from the sea to the land, the latter becoming much more 
rapidly heated by the sun than the water, so that the warm air ascending from 
the land is replaced by currents of air coming from the water. After sunset 
the reverse is the case. The land cools down more rapidly ; in consequence of 
which, currents of air pass from it to the sea. A similar phenomenon is often 

observed at the entrance of valleys. 

Storm are winds of tremendous velocity, travelling at the rate of 120 feet 
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in a second. They are the results of the sudden condensation of aqueous vapour 
contained in the atmospherd. The air rnslies with great force from all sides 
into the rarified space thus pro- 
duced. The circumstance, that the 
appearance of storms is always 
accompanied by a fall of the baro- 
meter, has led to the above expla- 
nation of these phenomena. 

If violent winds or storms meet 
from opposite directions, they 
produce whirlwinds^ which often 
tear away with tliem all moveable 
o^ects to which they impart a 
circular motion. On land they 
give rise to columns of sand, 
and at sea they produce water- 
spouts (fig. 87). 

127. In speaking of the density of a body, it is always uiulerstood to bear 
reference to a certain temperature, at which the density was determined. 
The densities of solid and liquid bodies vary, however, only slightly with small 
differences of temperature. The determinations of density generally made 
at a temperature of 12° to 15** C. (53° to 59° F.). 

Slight difierences of temperature, however, greatly affect the density of 
gaseous bodies. According to the most accurate observations, all gases expand 
to -yfg of their volume for every degree on the Centigrade scale, corresponding 
to an expansion of of their volume for each Fahrenheit degree ; 273 cubic 
inches of air at 15° C. (59° F.) occupy therefore a space of 274 cubic inches if 
their temperature is increased to 1G° C. (60*8° F.), whereas at 14° C. (57 • 2° F.), 
they will only occupy a space of 272 cubic inches. 

Besides the thermometer, the barometer also shows us that the density 
of the air is not always the same. For when the barometer stands high, the 
density of the air is not the same as when its position is low, as air, when 
charged with aqueous vapour, has naturally a different density to dry air. 

These circ umstances have, however, been carefully regarded and allowed for, 
in the determination of the density of gases ; when it is, therefore, said (§ 93) 
that 770 cubic inches of atmospheric air weigh 4 oz., or, what is the same, 
that air is 770 times lighter than water, it is understood that the density 
determination was made with dry air at a barometric height of 30 inches, and 
at the temperature of 0° C. (32° F.). The same conditions hold good for the 
statements regarding the density of all the other gases. 

As we know, however, from § 91, that the spaces occupied by gasea bear & 
inverse ratio to the pressure exerted upon them, and as we are acquainted 
: with the extent to which gases expand for every degree of the thermometer, 
;we may easily find by calculation the density of a gas for any pressure and 
^temperature. 

It is now perfectly intelligible why a balloon, filled with warm, and thei'eforc 
ligliter, air, ascends in the atmosphere. We are as little surprised at this as at 
[ the rising of a cork to the surface of water. 

The circumstance that vines and other plants occasionally are not frozen on 
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high hills, while they perish in valleys, is likewise accounted for by the ascent 
of the warm air. ^ 

Ebullition — Evaporation. 

128. If v arious bodies are exposed to a high temperature they are either 
destroyed, as is the case with vegetable and animal productions, or they sutler 
merely a change of condition. 

Solid bodies become fluid at a certain temperature. At § 122 the fusing- 
or melting-points of various bodies have been enumerated ; we have only to 
add that the same body always melts at a certain temperature ; lead, for instance, 
at 322° C. (611° F.). 

If a fused body be continuously heated, a certain point will at last be attained, 

* when its particles will, by the influence of heat, assume the properties of gases. 
Solid and fluid bodies, when in this state, are called Most bodies 

may be converted into vapour, although many require a veiry high temperature 
to attain that state; but, under these conditions, even such metals as iron, 
copper, or platinum may be vaporized. 

Such bodies as may be converted into vapour at a comparatively low tem- 
perature are called wjqfjg bodies. 

All vapours remairTm that state as long as the temperature by which they 
were formed continues. As soon, however, as it decreases, the body condenses 
to a liquid, which may afterwards solidify. 

129. Two important technical and chemical operations, namely, sublimation 
and distillation^ are based upon the property which bodies possess of assuming, 
under the influence of heat, the form of vapour. 

The first of these consists in the conversion of solid bodies into vapour, and 
the condensation of the latter in appropriate vessels. The condensed substance 
is generally deposited as a fine pulverulent body, which is called a sublimate. 
The most simple way of effecting sublimation is by placing a substance, such 
as camphor, at the sealed end of a glass tube, and applying heat. The camphor 
will soon be converted into white vapours, whidi will condense as a fine 
powder at the upper, cool portion of the tube. 

Distillation has found far more frequent application than sublimation. It is 
employed for the separation of a volatile body from other substances that are 
not volatile, or only very slightly so. Thus, for instance, at brandy distilleries 
the volatile spirit in the fermented wash is separated irom the remainder by 
distillation. 

A distilling apparatus generally consists of three pai*ts ; the still or retort 

in which the liquid is 
heated, the condenser in 
which the vapours are 
condensed, and the re- 
ceiver in which the dis- 
tillate is collected. 

For chemical opera- 
tions the distilling appa- 
ratus usually consists of 
a glass retort and receiver, 
(fig. 88) ; but if the vapours are very volatile other means are required to cool 
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and condense them perfectly, otherwise a considerable portion would escape 
into the air and thus be last. 

In such cases the arrangements shown in fig. 89 answer exceedingly well 
for small operations. The vapours generated in the distilling flask pass into 



the long glass-tube h c, which is encased in a wider one of tin-plate or zinc D 
The space between the two tubes is filled with cold water, which is introduced 
by the funnel-tube c d, whilst the warm water flows out from the tube f g. By 
this arrangement the vapours are perfectly condensed, and may be collected in 
the receiver B. 

An apparatus similar to that shown in fig. 90 is employed for distilling 
brandy and spirits of wine. It consists of a cop])er still A mounted in a brick 



90. 

Pirnace, and to which is adapted a dome-shaped head B. The head of the 
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still, terminating in the bent tube hcd^ communicates with the worm O, which 
is enclosed in a large cylinder of metal p q rj\ kept continually filled with water. 
The fermented liquid is introduced at Ihe tubulure t. As the water in the 
cylinder becomes heated by the condensation of the vapours in the worm, it is 
necessary from time to time to renew it. This is most conveniently effected 
by allowing a stream, from a reservoir of cold water, to run slowly through 
the funnel-tube T T', which communicates with the bottom of the cylinder. 
The heated Water rises to the surface, and escapes by the tube o, whilst the 
condensed spirit passes out at the inferior extremity of the worm a, and is 
collected in the receiver at C. ^ 

It must, however, be remarked that there exists an innumeral^e variety of 
arrangements for distilling, which all correspond in tlie most im}|Drtant points 
with the apparatus just described, whatever may be their form. 

130. When water is heated in an open vessel, its conversion into vapour is 
opposed by two forces, viz., the cohesion of its own particles and the pressure of 
the atmosphere, by which they are compressed together. These impediments 
must, therefore, both be overcome in the formation of vapour. 

By the continued heating of w'ater, till it attains the temperature of 100° C. 
(212^ F.), its particles at last acquire a tendency to separate, which is greater 
than the counteracting forces. From the moment that temperature is attained, 
bubbles of vapour will be seen to form at the lowest portion of the vessel, to 
rise to the surface of the water, im{)arting to it an undulatory motion, and 
finally to escape into the air. This phenomenon is termed ebnUition or boiling ; 
the tension of the vapour forming the bubbles is equal to the pressure of tlie 
atmosphere, otherwise, of course, they could not be formed. In this manner 
any quantity of water may be perfectly converted into vapour, and it will be 
observed that, during the entire period that ebullition continues, the thermo- 
meter will not rise above 100° C. (212° F.), however large may be the fire 
applied to the bottom of the"vesSeh All the heat in this case goes over to the 
vapours produced, as will be presently showm. 

If water be heated to ebullition on the top of a high mountain, and a thermo- 
meter introduced, it will be found that the latter will not rise to 100 ' C. 
(212° F.). The reason of this may be easily explained. The pressure of the 
air upon the water is less at this height, consequently the latter must boil at a 
lower temperature than it would at the common level. On the high plane 
of Quito, which lies 8,724 feet above the level of the sea, water boils at 90° C. 
(194° F.). An egg, cannot, therefore, be boiled hard there in an open vessel 
If the air in a vessel, containing a little water, be highly rarified or almost ^ 
entirely removed by the air-pump or other means, the water may be made to 
boil even by the heat of the hand. 

131-f When water is exposed in the open air it vaporizes even without the 
! application of heat. This spontaneous evaporation proceeds but slowly, and is 
■ called vaporisation. The rapidity with which a certain amount of water 
evaporates“is proportionate to the extent of its surface in contact with the air, 
to the dryness and warmth of the latter, and to the rapidity with which fresh 
layers of air are allowed to pass over its surface. 

132. The amount of moisture contained in the air is regulated by atmo- 
spheric temperature, and by the quantity of available water. A certain amount 
of air contains more water, if taken from over the surface of the sea in hot 



EBULLITION-EVAPORATION. 79 

climates, than if obtained from the cold steppes of Northern Asia, or the hot 
and drj^ sandy deserts of Africa- The air is saturated with moisture, when it 
contains quite as much water as corresponds to the temperatui*e. \^en the 
air approaches to this state it is called c&^g^and when it contains much less 
water than corresponds to its temperature it is termed dr^ air. This explains 
why air which is called dry, for instance, in Italy, may, notwithstanding, contain 
more water than what is termed damp air in colder countries. 

When the air is saturated with moisture it can no longer take up fresh 
quantities, hence water when brought in contact with it will not evaporate or 
decrease in quantity. As soon, however, as its temperature is increased, it is 
capable of t^ing up ipiq^e moisture. Various means are em}>loyed to ascer> 
tain the amount of aqueous vapour contained in air. Thus there are many 
solid substances, as chloride of sodium or common salt, that attract the water 
from damp air, and become moist or even assume the liquid form, as is tlie 
case with potassa. 

Other substances only change their form in attracting water. To these 
belong the porous bodies, particularly those consisting of capillary tubes, as 
hairs, portions of yjlants, wool, or sti’ings. Ladies* hair, for example, that curls 
so beautifully in dry weather, will become perfectly straight in damp atmo- 
spheres. W ood swells, musical instmments are put out of tune, and many other 
phenomena are due to the same cause. An apparatus has been constructed 
in which a human hair, as it stretches or shrinks, sets an index in motion, 
whereby a very accurate idea may formed of the amount of moisture in 
the air. Numerous other hygrometers or psychrometers liave been constructed, 
which vve shall, however, refrain from describing. 

133. If air, saturated with aqueous vapour, be cooled down, for instance by 
winds, it will of course no longer retain the same amount of water. A portion 
of the latter is, therefore, condensed, and, if the condensation takes place close 
to the surface of the earth, becomes visible to the eye es fog, or as clouds if 
the vapours separate at a greater height. The formation of fog may be ob- 
served on a small scale at every breath we take, when the warm air, saturated 
with aqueous vapour as it proceeds from our lungs, is exhaled into a colder 
medium. 

Fogs and clouds consist of an immense number of exceedingly small hottom 
globules of water. Although heavier than the air they do not fall to the earth 
immediately upon their formation, but, like soap'bubbles, are retained, often 
for a considerable length of time, in suspension by the action of currents of air, 
and are driven from one place to another. 

Various names have been given to the clouds, according to their form and 
mass : thus there are the feathsry chvd or cirrus, the dense doud or cumulus, 
and stratified douds or stratus, which again merge into a variety of^others, 
such as the cirro-cumulus, cumuh-stratus, &a 

134. Bain is produced when the clouds, unimpeded by winds, sink down 
to the lower strata of air, which are saturated with moisture, so that the 
globules of water increase in si25e, by the condensation of fresh particles, mitil 
they at last form drops of rain, which rapidly increase as they descend to the 
earth. 

The formation of snow is not so easily explained. If we assume damp 
currents of air to come from warmer regions to much colder ones, the aqueous 
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t|ipour they contain may form itself into very minute particles of ice, instead 
of into globules of water, thus producing snow-clouds, from which these par- 
ticles of ice descend in flakes of various sizes and forms. By the aid of the 
microscope the flakes of snow are observed to consist of a large number of 
regular six-sided prisms, elongated, and grouped ai*ound a centre, in such a 
maimer as to form always angles of 60° or 120°. Nos. 2, 3, 4, 6, 6, 7, and 8 
(fig. 91) represent some of the most simple groups. But frequently it presents 
itself in less complicated forms, and sometimes we recognise perfectly regular 
six-sided plates, as shown in No. 1. 

The formation of hail is one of those natural phenomena, of which we are as 
yet unable to furnish a sufficiently satisfactory explanation. It is more par- 



ticularly difficult to conceive how 
these pieces of ice are produced, 
in the height of summer, at no 
very great altitudes. They are 
frequently met with of consider- 



able size, weighing upwards of 
an ounce, and some even from a 
quarter to half a pound. The 
destruction effected by hail ren- 
ders, it one of the most fearful 


91 ^ scourges to agriculturists. Thus, 

in the year 1788, a hailstorm 
passed over the whole of France from the Pyrenees to Holland, destroying in 
about six hours the crops of 1,039 communities: the loss sustained amounted 
to upwards of a million pounds. 

Dew and Hoar-f rost . — After sunset the surface of the earth radiates towards 
the skv the heat which is absorf^ed during the day. It is often cooled down 
thereby to such an extent that the vapours contained in the lower strata of air 
are condensed into water, which is de])osited as dew upon all the objects on 
the surface of the earth. As plants, and particularly grasses, possess a stronger 
radiating power than earth and stones, they are first covered with dew. When 
the sky is clouded, the nocturnal radiation is impeded by the clouds, and in 
that case no dew is formed. Thus, dew is likewise not deposited under tents, 
tables, or other coverings, placed in the open air. 

If tliose bodies on which the dew is deposited, have cooled i 
down to below the fireezing point, it is converted into ice, and ^ 
is then c 2 \\ei 6 lwarfT 0 st. 

135. If common salt, sugar, or other substances are dis- 
solved in water, their solutions must be heated above 100° C. 
(212° F.) before they will enter into ebullition. Most kinds 
of food, as they are boiled, possess a higher temperature, and, 
therefore, such liquids will produce more serious scalds than 
boiling water alone. 

136. If water be heated in a close vessel, so that the steam 
as it is formed cannot escape, the temperature of the water 
increases continually, and the vapours acquire a greater tension, 
the force of which becomes at last tremendous. Strongs iron 

92. vessels are therefore generally taken for such experiments. 
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On heating some water in a Wollaston’s bulb (fig. 92), the opening of which 
is hermetically closed by the piston, the tension of the aqueous vapour will soon 
raise the piston in the tube. If the vessel be now immersed in cold water, 
by which the steam is suddenly condensed, a rarified space will of course be 
produced below the piston, into which the latter will again be forced by the 
outer pressure of the air. 

This simple experiment, by forcing up and down the piston, illustrates the 
principle of the steam-engine. 

The Steam-Engine. 

137. In the introduction to this work, the invention of the art of printing 
was spoken of as an event which had st^cured to science an eternal duration, 
and furnished it with auxiliary means, without which it would never have 
attained its present exalted position. 

The invention of the steam-engine is of similar importance to the arts. It 
furnishes man with power equal to hundreds of thousands of hands and num- 
berless horses and beasts of burden. It renders the mariner independent of 
wind and tide, and sets our mills in motion, whether the streams be dried up 
or frozen by the winter cold — it overcomes with ease the heaviest weights, and 
accomplishes the greatest distances with the velocity of the wind. 

And as every important alteration in the external conditions of man has as 
influence on his inward state, so the power of steam has also had important 
influence over -the condition of his mind. 

If it is the office of the printing-press to establish and extend ideas and 
thoughts, it is also an important function of the steam-engine to work out ideas 
and establish facts ; if by the former, centuries are brought into connexion, the 
latter serves to connect and link together men of the present age. 

A space should, therefore, be more particularly set aside in this work for 
the contemplation ol’ the steam-engine, in order that its power may not appear 
to us as something supcrnaturally wonderful, but tliat it may serve us as a 
wonderful example of the forces of Nature being made subservient to the mind 
of man. 

138. The steam-engine derives its power from the tension of confined 
aqueous vapour heated above the temperature of boiling water. Steam is 
applied either to stationary engines, for steam-mills or steam-vessels, or to 
moveable engines, or locomotives^ w’hich are used on railways. The construction 
of these two kinds of engines differs in many res|^ects. 

In examining the stationary engine we have first to consider the generation 
of the steam, and afterwards its application as a motive jTOwer. 

The steam is generated in an iron steam-boiler. There are various forms of 
boilers, but the main point in their construction is always the exposurej^ th(» 
greatest possible surface to the action Af the fire. The general form of the 
boiler is that of a tube closed both ends, and perfectly surrounded by the 
fire. By this means a great quantity of water may be rapidly converted into 
steam. The latter is conducted by means of a pipe fix)m the boiler into the 
engine, which we shall now proceed to describe. 

Fig. 93 represents a modern double-acting low-pressure engine, which is 
j)articularly adapted for impelling madunery. The piston, being acted on by 
the i^team within the cylinder a, communicates its required motion to b through 
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the medium of the piston-rod and the parallel motion which connects it to the 
beam. To the opposite end of the beam is attached the connecting rod c, the 



lower end of which being jointed to the crank d, a rotatory motion is thus 
imparted to the wheel; the crank being properly supported on plummer 
blocks. Affixed to the crank-shaft and behind the crank is what is termed an 
excentric wheel e; so styled from the circumstance of the wheel not being 
concentric with the shaft upon which it is fixed. The excentric wheel, which 
it will be seen is merely a convenient substitute for a short crank, has a groove 
or depression turned round its edge into which a corresponding metal hoop or 
strap, joined together in two halves, is fitted so as to allow the wheel to 
revolve easily within it. Fastened to one side of the hoop, and projecting from 
it horizontally, is the excentric rod, as it is termed, f /, which embraces a pin 
tha,/end of a lever at g. In fig. 94, a b represent the excentric rod, and c the 
excentric wheel, each enlarged and detached from each other. It will be 
observed that the part of the rod, where it embraces the pin of the lever is in- 
dented below into a circular hollow, so that it may be disengaged from the lever 
by being simply raised. Whilst the engine is in action, tiie excentric wheel, 
as it revolves, imparts a reciprocating movement, by means of the excentric rod, 
to the lever at the axis of which, termed the rocking or wiper shaft, has on 
opposite sides of it two other levers ; these operate on the valves through the 
minium of the. rods h and i as well as the levers at k and L 
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The spindles of the steam-valves are' hollow, and have stuffing-boxes at their 
upper ends ; whilst the spindles of the eduction- valves being longer, are made 



to work through tlie steam-valves, and through the stuffing-boxes so as to be* 
steam-tight. The valves are opened by the action of the excentric w'heel, and 
are closed by weights, which have been omitted, to render what is shown more 
intelligible. 

Tlie condenser m is kept exhausted by the air-pump n ; the water delivered 
by tlie latter into the hot well o being conveyed to tlie boiler by the hot- water 
[)umj) p. The cold water necessary to maintain tlie vacuum within the con- 
denser is supplied by the cold-water pump q. The governor r is set in motion 
by bevelled wheels, driven bv the engine, and it is supported in an upright 
position by a frame or bracket. Instead of a sliding collar there is a perforated 
ball at the top of the governor, and which rises or falls according as the balls 
of the governor diverge or collapse. A vertical rod extends from the top of 
tlie said ball, and it communicates with the throttle-valve by means of a hori- 
zontal rod r, situated above, as well as by another upright rod, also marked r, 
depending from the latter. At the two points where tlie various rods join, 
there is a bell-crank lever diat serves to connect them ; and it will be observed, 
a liall is attached near the lower end of the rod next the throttle-valve : the 
use of this ball, as likewise of the other one immediately above the governor, 
is to keep the several rods between them stretched, as otherwise each rod 
would re(|uire to be so strong as not to yield by bending. The balls are made 
to balance each other ; and, therefore, according as either is elevated or de- • 
pressed, the other ball becomes at the same time influenced in the ophite 
direction. 

139. The power of a steam-engine is dependent on the tension or pressure 
of the steam employed, and on the surface of the piston. 

Assuming the steani to have a tension equal to the pressure of the atmo- 
sphere, and the surface of the piston to be 1,378 square inches, the latter will, 
according to § 77, be pressed downwards with as mudi force as if it were 
loaded with 20,000 pounds. Supposing, however, the pressure of the steani 



84 


PHYSICS. 


to be trebled or quadrupled, die power of the engine will likewise increase in 
the same degree. 

Engines in which steam of low pressure is employed are called low-pressure 
engines, while those that are work^ with steam of great pressure are termed 
high-pressure engines. 

It must not, however, be imagined that low-pressure engines are less pow.erful 
than those of high-pressure. The cylinders in the latter are smaller, by which the 
difference in pressure is ^jbmpensated for ; the force exei-ted by the pressure of one 
atmosphere on a piston, the suiface of which measures four square feet, being 
evidently equal to that of four atmospheres bn a piston measuring one square foot. 

The high-pressure engine consequently occupies the smaller space, particularly 
if the steam on the one side of the piston is not removed by condensation, but 
allowed to escape into the atmosphere. The condenser and the various pumps 
are not required in that case, and the whole engine becomes much more simple 
in consequence. This kind of engine is employed for locomotives, on account 
of the small space it occupies. 

140. An engine, working at high pressure, requires, in an equal space of 
time, about the same amount of steam as a low-pressure engine of equal 
power. The former must, however, be so arranged as to be capable of con- 
verting a large amount of water into steam, in a very confined space^ and in a 
short time. This is accomplished by allowing the air, heated in the furnace, 
to pass through a series of iron tubes which are surrounded by water, as 
shown in figs. 95 and 96, which represent^ a longitudinal and a tmnsversc 
section of a locomotive. 

In %. 95, A A represents the fire-place, which is closed by the door in 
front Frop the fire the heated air has no other channel of escape, than 
through the series of hori^ntal tubes which extend from A to D ; from D the 
heated air, together with the smoke, passes through the funnel into the atmo- 
sphere. Fig. 96 shows the relative position of these tubes passing through the 
boiler filled with water, which, moreover, surrounds on all sides the fire-place 
itself. The water is thus exposed to an extremely large heated surface, which 
causes at every moment the generation of a great quantity of steam. The steam 
collects in the space B C above the surface of the water ; and from the chamber C 
passes by the tube c into the cylinder. If the position of the mouth of the 
tube be too low, the rapid ebullition carries a considerable quantity of water 
mechanically into the tube; but in order to obviate this inconvenience, the 
chamber is elevated as shown at C. The tube c divides into two branches, 
d d, fig. 96, one of which is only seen in fig. 96. Each of these tubes com- 
municates with a chamber from which the steam passes into the cylinder F. 
On each side of the carriage there is one horizontal cylinder, in which the piston 
* mov 3 s in tlie same direction. 

From the chamber i, into which the steam is passed by the tubes c d, lead 
two canals communicating with the opposite ends of the cylinder. Upon the 
bottom surface of the chamber i is a sliding valve, which moves backwards and 
forwards, and whose central part forms a kind of chest o, which is open at the 
bottom. In the position shown at fig. 95, the two canals are closed by this 
valve. Let us imagine the slide to be pushed so far towards the left hand, that 
the left canal is no longer closed, but in communication with the cavity o, the 
right hand canal will then be in connexion with the steam chamber i ; while 
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tlie slide is in this position, the steam will enter the right-hand end of the 
cylinder, and drive the piston towards the opposite end of the cylinder, whilst 
the steam passes from the left-hand side of the piston, and thence by the tube 
q into the funnel. If, however, the slide is at the right-hand end of the 
chamber, the steam contained in the latter will pass by tlie left canal into the 
cylinder, and escape through the right-hand canal into the cavity o. TJie piston- 
rod is fixed in such a manner that it can move only in a straight lino. Fastened 
to the piston-rod is the connecting-rod, which moves the crank n around the axle 
m. The middle wheels of the can'iage are fastened to the axle tw, so that the 
wheels perform an entire revolution every time the piston moves backwards 
and forwards, and the carriage is likewise propelled to a distance corresj^^nding 
to tlie circumference of the Avheel. 

To the axle m is also fastened the cxcentric disc by which the slide is sot in 
motion. As is seen in the figure, the X-shaped end of the rod, which is fixed 
to the ring of the excentric disc, grasps the upper extremity of a lever wliose 
fulcrum is seen at s. By the motion of this lover the rods 1 1, and the slide 
which is connected with them, are moved backwards and forwards. 

In order to reverse the motion of the engine, it is necessary to raise the lever 
X. The fulcrum of this lever is at P, where its axis passes obliquely over the 
whole carriage. Upon each side of the carriage is /listened the arm of a lever, 
^hose directions run parallel to the elongation of N P. From those? arms of 
the levers descend two vertical rods, to the X-formed ends of the rods which 
are connected with the excentric disc. It is now evident that by raising the 
lever-arra N, the X on each side of the carriage will be pressed down, so that 
the rod grasps the lower end of the lever whoso fulcnim is seen at s. Accord- 
ing as the rod grasps above or below, the wheel must necessarily revolve either 
in the direction of the arrow or in the opposite direction. 

H and L represent safety-valves ; Hs a whistle used for giving signals. 

\_Note , — The drawing given on the ])receding page merely repn^soiits thf? 
general construction of locomotives. The engines at ])resent in use on tlu? 
English railways are furnished with a regulatf)r in the pipe c, by which the 
sU?am passes from the boiler to the cylinders. The use of the regulator is to 
modify the supply of steam. — Ei>.] 

141. Machines, set in motion by steam, were already constnicb^d in the 
seventeenth century. They were, however, exceedingly imperfect, and it was 
not till the year 1763 that Janies Watt constructed the steam-engine, id<*Mticjd, 
in the most important points, with that now in use. The first sucfM'ssful 
stoam-vcssel, on a large scale, was constructed by the Ann?rican, Bobert 
Fulton, in 1807. 

The power of the steam-engine is usually compared with horse-power, and 
jm\t is, assumed that the power of one horse? will raise 1,600 pounds to tlu; height 
of 3 • i inches in a second of tiniCt 

The fuel generally employed for steam-engines is coal or coke. A stationary 
engine of one-horse power requires about 20 pounds of coal in an hour. In 
the same period of time an engine of 
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The locomotive and steam-boat engines require proportionately a much larger 
amount of coal. 

Transmission of Heat. 

142. It is well known that a body, to which a high degree of heat is 
imparted, gradually loses it, or, in other words, cools down ; as also, that a 
body possessing a low temperature gradually acquires a higher one, when 
exposed to the influence of heat. Heat may, therefore, be said not to be 
enclosablo in any substance, as it endeavours continually to maintain itself in 
equilibrium with the surrounding objects ; it is, therefore, in perpetual motion. 

The transmission of heat takes place in two ways. In the first place, heat 
may be transmitted through the whole mass of a body by communication from 
one particle to another, until all have attained an equal temperature. This is 
transmission by comlmtion. Secondly, heat is' transmitted through the air, 
emanating from bodies in rays, similar to light and sound, it is then called 
radiated lieat. 

143. All bodies do not transmit heat with equal mpidity through their mass. 
A piece of iron wire, or a knitting-needle, cannot be held by one end, when 
tlie other is heated to redness, without the fingers being burnt, while a shorter 
piece of wood may burn at one end and be lield by the other without the 
slightest inconvenience. Borne bodies are, therefore, good, others are bad 
cotidiwtors of hmt. 

Heavy bodies, .such as the metals, are the best conductors of Iieat, while 
substances of l(*ss density only allow a very slow transmission of heat through ^ 
their mass. This is particularly the case if the bodies are very porous and 
loose. Stones, earth, earthenware vessels, and glass are, therefore, numbered 
amongst the inij)erfoct conductors of heat; %vhile wood, straw, hair, the fibres 
of ])lants, and the articles manufactured therefrom, are classed amongst the 
l)ad conductors. 

Many of the most common phenomena are the results of the varioiLs con- 
<lucting powers of bodies : thus, for instance, water boils sooner in metal vessels 
tlian in earthen ones ; a piece of red-hot coal soon ceases to glow when placed 
uj>on an iron plate, while it will retain its heat for a long time wdien placed 
upon wood ; the cold sensation produced on touching metal, is likewise owing 
to the ra])idity with which the latter conducts away the heat of the hand. 

We dress ourselves in bad conductors of heat, such as woollen clotlis and 
furs, in order t-o jirevent too great a decrease of aniiULil heat by radiation or 
conductioit. F (^r tlie same reason we employ moss, hay, and feathers for the 
construction of warm resting-j)laces, and envelope trees and plants in straw, to 
protect them from the cold. 

Air and water are likewi.se bad conductors of heat. The air in cell^ ami 
wolls maintains nearly the same temperature, summer and winter; and we 
have alri?ady seen, at § 125, that water and air transmit heat rapidly, only 
l)ecause they are set in motion by it. Ice and snow likewise belong to that 
class of beniies that conduct heat badly. Most winter crops would perish by 
the frost, if they were not protected by e covering of snow. 

144. On approaching a fire, we become sensible of a feeling of warmth — of 
the rays of heat which emanate from it. That heat reaches us in the form of 
rays, is proved by placing a screen between ourselves and tlie fire, when we 
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shall be protected ft-om its influence. The heat of the sun likewise reaches the 
earth in the form of rays, which warm the air only slightly in their course ; for 
the upper strata of the atmosphere are always found to be extremely cold. 

The rays of heat, like those of sound, are refracted, or deflected, when they 
pass from one portion of matter to another of unequal density ; they are also 
reflected, when they encounter solid substances. These phenomena are most 
strikingly exhibited by burning-glasses and reflectors. 

We shall describe the burning-glass in the chapter on light. Reflectors are 
concave mirrors of polished brass. In fig. 97, which represents the original 

contrivance by Sir Humphry Davy, two mirrors 
of this description are situated opposite each other. 
All the heat-rays that fall on the surface of a 
reflector, in a direction parallel to its axis, are 
reflected thereby in such a maimer, that they meet 
at a certain point in front of the mirror, at the 
point indicated by the bulb of the thormometc*r. 
'fhe total amount of heat-rays collected by the 
reflector are united in this one point ; it is, there- 
fore, Cidlcd the focal- or burning-point. If an 
object that emits heat bo placed in the fociil-point 
of a conaive mirror, the w hole of the heat-rays 
that fall ujion the latter arc reflected in a parallel 
direction. 

These properties of reflectors have been proved 
by the following ex])eriments. l\vo mirrors are 
placed opposite each other, as in fig. 97, and in 
the focal-point of one of the mirrors is placed a 
red-hot iron ball, or a ladle filled wuth red-hot 
coals. If w'e now place a piece of tinder in the 
focal-point of the other mirror, wdiich may be 
removed from 18 to 20 feet, the tinder w^ill la* 
inflamed, as all the rays which proceed from the 
red-hot bcnly are collected by one of the mirrors, 
and throw'n in a parallel direction to the oth(*r 
mirror, which collects them in its focal-point, and by this means sufliciont heat 
is produced at this jjoint to ignite inflammable Ijodies. A thermometer, held 
slightly out of the focal-point, or in any ])lace between the tw'O mirrors, will 
show that the heat-rays produce no appnjciable change of temperatlire at any 
other point than that above named. 

The temperature of the focal-point depends upon the size of the reflectors 
and the temperature of the source of heat. Reflectors have been constructod 
by means of which a temperature may 1 x 5 obtained by the collection of the 
sun’s rays at the focal-point, sufficient to melt and ignite substanceSj upon 
which the fiercest fires are scarcely capable of producing the same eflect. 

The velocity of the rays of heat is equal to those of light, which travels at 
the rate of 195,000 miles in a second. • 

145. The relations exhibited between different bodies, and the heat-rays 
falling upon them, are exceedingly various. »Some l)odies allow all the rays of 
heat to j)ass through them, without retaining or absorbing a single particle : 
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this is the case with air, and also with several solid bodies, as, for instance, 
rock-salt. These are, however, exceptions to the rule, as all other solids 
retain a greater or smaller amount of the heat-rays which fall upon them. 

As a general rule, the denser the body, and the lighter its colour, the smaller 
is the amount of heat which it will absorb, and vice versa. Thus lamp-black 
will retain nearly all the heat-rays that fall upon it, while polished silver or 
iron reflect them almost completely. If one thermometer be covered with white 
cloth, and another with black, and both are equally exposed to the sun, the 
one in the black covering will indicate a higher temperature than the other. 
Snow will melt more rapidly when covered with a black cloth than it will 
under a white covering. It is intelligible from this, why white or light 
coloured dresses should be preferred in summer, and dark ones in winter. 

JTliese two classes of bodies are likewise opposed to each other in their 
radiating power. Dense bodies only possess this power to a slight degree, 
while it is much greater with porous bodies. Thus, a hot liquid, as tea or 
coffee, will cool much more slowly in a bright metallic vessel than in a vessel 
of earthenw'are, which is coated with lamp-black. 

Latent or Combined Heat. 

146. We have seen in § 130, that water, when it has once been heated 
to the boiling point, cannot attain a higher temperature, even if continuously 
exposed to a greater heat. In that case a portion of the heat passes over 
continually to the vapour, and the thermometer will indicate 100°C. (212° F.), 
whether it be immersed in the water or the steam. If snow or ice, the 
temperature of -which is exactly 0° C. (32° F.), be placed in a vessel on a 
stove, the water produced by its melting will likewise indicate a temperature 
of 0° C. (32° F.). All the heat imparted in both cases appeal’s merely to serve 
for the conversion of solid water into liquid, and of the latter into steam, without 
the water produced by melting indicating a higher temperature than the snow, 
or the temperature of the steam being higher than that of the boiling water. 

Bodies are, therefore, capable of absorbing heat without altering in tempera- 
ture ; they are, however, converted thereby from the denser to the lighter state. 
The heat thus absorbed, that is, rendered imperceptible to the sense of feeling, 
is said to be latent or combined. The steam ]iroduced at 100° C. (212° F.) is 
consequently water of 100° C. (212° F.) -f- latent heat. 

In all cases when a body passes over from a denser to a lighter condition a 
certain amount of heat is always absorbed or rendered latent. This heat is 
abstracted from the surrounding objects, the temperature of which is conse- 
quently reduced. If, for example, w-ater be poured on the ground, on a hot 
summer’s day, it will pass over into vapour, abstracting thereby a large amount 
of heat from the surrounding air and earth, which will be felt to be much 
cooler in consequence. If two thermometere be suspended together, tife bulb 
of one being moist and the other dry, the former will indicate (ho lower tem- 
perature, as the water, evaporating on its surface, abstracts a portion of its heat. 

147. Gaseous bodies, however, in their transition to the fluid, or from that 
to the solid state, part with their latent heat. This liberation of heat generally 
occurs under circumstances where it cannot be well perceived; there are, how- 
ever, a few very striking examples of the conversion of latent into sensible 
heat, one of which is the disengagement of heat in pouring water over unslacked 
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lime : the nature of tliis experiment will be more fully explained in the section 
on Chemistry. 

148. On heating equal weights of diOerent substances of tlie tompcTature of 
(V C. (32° F.) to + 1°C. (33°-8 F.), it will be obstTved that the rpuuitity of 
heat required is very ditlerent. If water, oil of turf)entine, iron, a/id mercury be 
employed for the experiment, it will he found that the quantities of heat 
required by these bodies to raise their temperatiu*es from 0° to + J°C. (32° to 
33°*8F.) stand in the relation of 1 : 4 : i : s* 3 ' Oil of turpentine requires, 
therefore, only one-half, iron one-eighth, and mercury only one-tliirty-third of 
the heat required by water to attain tlie same temperature. If two vessels, 
perfectly similar, are procured, the one containing one pound of water, and 
the other one pound of oil of turpentine, both of equal temperature, it will be 
necessary, in order to heat them both to an e(|ual number of degrees, to place 
under the vessel containing the water tico Hames of equal size to the one that 
is required by the oil of tiupentine. 

The relative quantities of heat re(|uired by diflcrent bodies to attain an 
equal increase in temj)eraturo are term^ their specijic fieata. For comparative 
pui*poses the specific heat of water is fixed at 1. 

It may be concluded from these statements that as every body possesses a 
peculiar density, so likewise all bodies contain a certain quantity of heat that 
cannot be indicated by the tlierniometor, and on the amount of which depends 
their capacity for absorbing a farther quantity, or as it is termed, their capacity 
for kcat^ 

149. The difitrihution of heat on the surface of the earth is very nnecjual ; 
vai’ious parts theniof an.* well known to possess temperatures varying very 
much from those of other j)arts. It has been already mentioned that the sun 
must be considered as the |»riiicipal source of the heat of the earth. The 
sun’s rays do not, liowever, lull in equal directions on every ])ointof the earth’s 
surface : in tlie vicinity of the eriuator their direction is nearly vertical, while 
in the countries approaching the poles they fall obliquely ; in fitet, their direction 
l^econies more oblujue in pro[)ortion to the distance from the equator. All 
heat-rays that fall upon a body at an angle are, however, reflocteil at tlie same 
angle, and only those that fall [lerpendicularly are perfectly absorbed. Hence 
the temperature at the eejuator is much higher tlian at any otlier part of the 
globe; in consequence of this difibrence of tenqwrature, the earth has been 
divided into a torrid or tropical zone, the two temperate, and the two cold 
zejnes or |)olur regions. 

The diilbrence between summer imd winto in the temperate zones is occa- 
sioned by the gi-^jater length of the days in the first-named sc'uson, and by 
the sun’s rays reaching the earth in a direction more approaching the perpen- 
dicular than at any otlier time. In the winter, wheil tllC SUU is Iicai'cr tU tllC 
earth by about four and a half millions of miles tlian it is in tlie summer, the 
rays fall in a very oblique direction. 

150. By the nuian temperature of a clay is understood the mean of the 
highest and lowest temperatures oliserved throughout its duration. 'I’o arrive \ 
at the correct number, observaticjns sliould, properly speaking, be made from 
hour to hour, cjt even at still shorter intervals. Ex|)erience luis shown, how- 
ever, that .the mean temperature of a day may be arrived at with sufficient 
accuracy by observing the th<irmometer in the morning at 7 o’clock, again at 
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noon, and at 10 in the evening, and calculating the mean of these observations 
The mean temperature of the day furnishes, by calculation, that of the month" 
and that of the year is obtained from the tera|>erature of its twelve months. ’ 
It is evident that the mean temiieratnre of various places must be exc^- 
ingly diflerent, and by way of illustration we may subjoin a few examples — 


rittce. 

i 

Ivutitude. 1 

Moan 1 

Toiniwrature. j 

Place. 

T.AtitiKle. 

! Mean 

Temperatnre. 


1 

a 

Falir. 1 



C. 

j l-.ilir. 

Melville Island - 

1 

74 .) j 

-18' 

j 

Vienna - - - 

48=’ 

10 = *1 

1 50 '*2 

S 5 t. BeraarJs 

45 1 

- 1 

:i 0-2 

London - - 

51 

Id *4 

1 

! 50 *7 

St. l*et-<;rshnrg - 

50 

3 

:57*4 

Paris - - - 

48 

10 -8 

1 51 -4 

Jioiiigshurg - - 

54 * 

G 

42-8 

Constantinople 

41 

13 

55 *4 

Berlin - - “ 1 

52 i 

8 

46-4 ' 

Rome - - - 

41 

15 

59 •() 

Muiiic.-li - - - i 

48 i 

8 

46-4 

Canton - - 

23 

21 

69 *8 

Frankfort-<»n-tlu *- 1 i 
Maine - - f. 

1 

50 

9 

48-2 • 

Calcutta - - 

22 

28 

82 *4 


Altliough the greater number of the alx)ve temperatures confirm the rule, 
tliat tlie temperature of countries increases in proportion to their vicinity to the 
t,*<iUcitor, yet we find s(?veral exceptions to tliis among the numbers quoted. 
Tliese iiris(i from tlie great influence exercised over the temperature by the 
nature of the earth and of tiie surrounding objects, Tims, countries under the 
siirne latitiule will be Ibnnd to be colder die higher they are situated, the more 
they are exposed to cold currents of air, and the farther they are distant from 
large masses of water. Low countries, sheltered from cold winds by chains of 
moumtiiiiis, and [larticularly with barren surfaces, are tlie hottest. The tempera- 
ture of land is much decreaseni by a luxuriant vegetation, partly because plants 
radiate a large amount of heat during the night, and partly because the evapo- 
ration of water occasioned by them renders a large amount of heat latent. 

Com[)aratively small tracts of land, nearly or entirely surroiindetl by large 
masses of watc*r, iis England, Itdy, and the smaller islands, possess most 
uniform temfieratures, ])artly because tlie water re(]uires a large amount of heat 
for the formation of vapour, aiul partly because it radiates much less heat during 
the night than does the land. The teni])erature of England is, indeed, much 
more uniform tlian that of Gerniiuiy ; tuid altliough the mean temperature of 
the two countries is the same in many parts, yet, on the Continent, the summers 
me liotter and the winters colder than on our island. Hence many plants live 
through the winter here that would perish in Germany, while, on the other 
hand, grapes and other kinds of fruit do not ripen here as tliey do abroad, 
because the heat of the sun never attains a sufficient power, 

III. Light. 

“ Joyful be tliose 

Who breathe in the rosy light.” — Schiller. 

151. The cheering phenomena of light arise from various allied causes, and 
in this sense we sliall speak of the different sources of light. As such we shall 
consider: — 1. The sun and the fixed stars. 2. Heat, since all objects as soon 
as they are exposed to a certain temperature appear luminous, it being iniina- 
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terial whether it be the result of meclianical or chemical action (the latter, how- 
ever, is most common). 3. Electricity. 4. Many animals of the lower classes 
which possess the property of appearing luminous, and of which the glow-, 
worm is the most familiar example. Many plants, particularly the Rhizomorpha, 
frequently found in mines, likewise possess this property in a small degree. 
5. The decay of animal matter, particularly of fish, and the dry rot of wood, 
which give rise to a feeble luminosity. The most important of all these sources 
of light is the sun. Next to this, the light produced by the chemical process of 
combustion exercises the greatest influence. 

In all other cases besides those above mentioned, when light is observed to 
proceed from any object, it does not originate witii the latter, but has been 
previously communicated to it from some of the above sources. Bodies are, 
therefore, luminous or nonAuminous. The light of the moon is derived from the 
sun, the fonner being non-luminous, like the earth and most other bodies. 

152. Light occurs so frequently in company with heat, and corresponds 
with the latter in so many of its properties and in so remarkable a manner, 
that they have been considered by many as inseparable, or more properly 
speaking, as one and the same thing in difierent degrees of intensity. They 
may, however, be distinguished and separated; for there are many powerful 
kin^ of light, for instance, that of the moon and of several luminous insects, 
that are unaccompanied by any heat, or at any rate by any perceptible amount, 
and, on the other hand, many substances may be found that will retain a large 
amount of heat without becoming luminous. 

153. Light is distributed only in rays, proceeding from the luminous l.)ody 
in all directions. The velocity with which light travels is extraordinary : it 
jiasses over 195,000 miles in a second of time, and occupies, therefore, only 
eight minutes and thirteen seconds in travelling from the sun to tlie earth. 

The rays of light, when they meet with substances, exhibit a similar l)e- 
haviour to those of sound and heat, the resulting phenomena, however, being 
naturally different in a])pearance. W e will notice three cases in particular. 

(1.) The rays of light are more or less perfectly intercepted or absorbed by 
the bodies which they meet. 

(2.) They are thrown back or reflected, 

(3.) They pass through IkkIIos. 

154. When all the rays of light falling upon a body are absorbed, they dis- 
appear altogether, or become invisible : the body that has thus absorbed them 
appears perfectly hlaoh, A body of this description does not take up light by 
continued exposure, as it might heat, in such a manner as to distribute it again 
in any way. Thus, a want of light or shadow is produced on the side of the 
Ixniy opposite to that which is exposed to the rays of light. Lamp-black is 
the substance that most completely absorbs light. 

By far the greater number of bodies paitly reflect the light as it falls upon 

them, and absorb another portion. Dense bodies, particularly bright metals, 
reflect light most perfectly. The reflecting power of other bodies decreases 
proportionately to their porosity, and consequently bear an inverse ratio to 
their density. There is likewise a want of light, or shadow, produced beliiiid 
those bodies that reflect light. 

All bodies become visible only by their reflecting the rays of light; it is 
highly important, for the proper comprehension of all phenomena of vision, to 
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bear in mind continually, that rays of light proceed in all directions from exiery 
visible point of a body, and that the body is rendered visible to us by one of 
those rays reaching our eyes. 

155. Such bodies as reflect light perfectly are called mirrors. Without 
regard to the material of which they consist, we distinguish — 1, plane or 
common mirrors ; 2, concave or hollow mirrors ; 3, convex or raised miiTors. 

A plane mirror s s' fig. 98, reflects the rays that fall upon it in such a manner 
that the incident ray r % forms the same angle witli the perpendicular p i as 
the reflected ray ^ d, whence it follows that the rays 
diverge from a mirror in such a manner as though they 
issued from one point, situate as far behind the surface 
of the mirror as the luminous point lies before it. Hence 
the image appears to be situated as far behind the surface 
of the mirror, as the object is ))Iaced before it ; and it 
s reversed in such a manner that the left side of the object becomes the right 
side of the image, and vice versa. 

15G. The common mirror consists of a glass plate, possessing surfaces as 
smooth and parallel as possible, one of which is coated witli an amalgam of 
tin and mercury. 

IMirrors, tlie surfaces of which are not parallel, and which are otherwise 
uneven and not clear, produce distorted images, and, therefore, cannot bo 
used. 

If two mirrors be ])laced opposite and parallel to each other, the image of 
one mirror will be seen in the other, and an endless number of images is thus 
obtiiined. If, howevei*, the mirrors are so ])laced as to form an angle, the 
number of mutual reflections will be diminished, and indeed proportionately to 
the ext4uit of the angle formed by the miiTors. 

I'he construction of the kaleidoscope is based simply on the multiplication of 
an image by two mirrors inclined towards eacli other. 

The mirror has not only become an indispensable article of furniture, by the 
ordinary us(»s made of it, but has also been applied in the construction of many 
ojitical instruments. 

157. A concave mirror maybe reprasented by a bright soup-ladle or the 
reflector of a lantcTii. The iniportiuit applications of this mirror render a slight 
study of its proj^erties necessary. 

A concave mirror may be considered as a segment ot a hollow sphere, V W, 
fig. 99. The c( ntial point C, and the semi-diameter O C may be termed 
resj)ectively the yeometrical centre, and the 
radius. The point F in the centre of the 
radius is called tlie/oc?^<f, and the line pass- 
ing through the centre C, and the focus F, 

is hjinieci the optical axis. The point 0 

of the mirror which is met by the pro- 
longation of the axis is called the optical 
centre. 

All rays of light that fall perpendicularly 
upon this mirror are reflected in the same 
direction, so that they pass through the 
centre of C. All rays that are parallel 
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with the optical axis are reflected by the mirror towards the focus F , and are 
there collected (comp. § 144), 

158. On approaching the concave mirror to any object, various images are 
obtained, according to the distance between the two. If an aiTow, for example, 
be placed between the focus and the mirror, a magnified image thereof will be 
obtained, appearing, however, to be situated at the back of the mirror, as was 
the case with the plain mirror. On placing the arrow between the focus and 
the geometrical centre of the mirror, a magnified image will bo likewise pro- 
duced, appearing, howevei*, to be situated in front of the mirror. 

Let U3 endeavour to account for these phenomena by the aid of fig. 1 00. 

If the ray A n passes from the object A B at right angles upon the mirror, 

it will be reflected in the 

direction n A C ; the ray 
A e proceeding parallel 
with the axis of the mirror 
will be reflected towards 
the focus F. Those two 
reflected rays will never 
meet in front of the 
mirror. If, however, we 
imagine tlieir direction to 
be j>rolongo(l at the back 
IQO of the mirror, they will 

intersect each oth(*r at the 

|K)int a, and the object at A will appear to the eye to be situated at that ])oint. 
The whole of the rays of light |)i\ssing from A B will be similarly reflected, 
and thus the magnified image a h is produced at th(} back of the mirror. 

In fig. 101 wdiere the arrow is placed between the focus and the geometrical 
centre, the ray A u falling perjjendicularly on the mirror is reflected in the 

same direction, whilst the 
ray A c, that is fiarallel 
with the axis of the mir- 
ror, is reflected to the focus 
F. The point A of the 
ol>joct A B must, there- 
fore, appeiir to occupy 
that position where, by 
the prolongation of the 
two reflected rays, they 
appear to intersect each 
other, which is the catje 
I9L at«, as seen in the figure. 

Rays falling on the mirror from other points of the object would be similarly 
reflected, and thus the magnified but reversed image would appear situated in 
the air in front of the mirror. 



It may easily be proved that this image really is in the air, for on holding a 
sheet of white paper at a 5, the rays will be intercepted, and the image will be 
distinctly visible on the paper. 

159. The concave mirror has found a most im])ortant application in the 
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telesco]^ : the so-called reflecting telescopes have been constructed by which 
enormous magnifying eflects are produced, such as those obtained with 
Herschel’s celebrated gigantic telescopic which measures five feet in diameter. 
This kind of telescope has of late met with few applications, as its constmction 
and management are attended with great difficulties. It has been already stated 
in our chapter on Heat, that concave mirrors may be used as reflectors. They 
afford likewise excellent means for increasing the power of light, as all rays 
thrown upon a concave mirror by a light placed within its focus, are reflected 
in a parallel direction ; hence this mirror has been applied to lanterns, magic- 
lanterns, and lighthouses. 

I GO. The convex mirror is of less interest than the former. It is also called 
the dispersing mirror, as all the rays of light that fall u[)on it are reflected in a 
diverging direction. It i)roduces diminished images of objects, such as may be 
oRserved in polished raised metal buttons, or large glass globes, &c. 

Refraction of Light. 


101. It has been observed at § 153, that some bodies allow of the passage 
of rays of light through their mass. Such bodies are — air, water, glass, and, 
in fact, all such as are called transparent. It is well known that all bodies do 
not pos.s«\ss this propc?rty to equal degree. There are s-emi-transparent and 
translucent bodi(‘S, and others that are only translucent when their mass is ex» 
tremely thin. Thus, even that dense body, gold, is translucent, when beaten 
out into thin leaves. In the study of light, however, only those bodies are of 
im})ortance that are perfectly transparent. 

As long as the rays of light j>tiss through the same medium or kind of 
matter, for instance through the air, their direction remains perfectly straight and 
unalto*’ed. If, however, a ray of light fall upon a transparent body of greater 
or less d(.*nsity, it will no longer continue its motion in the original direction, 
but will follow another which forms a greater c)r smaller angle Avith the first. 

In such a case the ray of light is said to be broken or refracted^ and the 
angle denoting the anajuiit of refraction is termed the angle of refraction. 

The more common phenomena of refraction are observed when light passes 
from the .spiice. of the universe into the denser atmosphere of our earth, oi 


when it passes from air through water or glass. 

It is a well-known lact that a straight stick, when partly immersed in water, 
ai)i)eai*s to b(j broken at the point of immersion. This is in consequence of 
tliG rays of light that pass from the stick to 


the eye following a difi’erent direction when 
they (‘merge from the water. Thus, we 
should not be able to perceive the object m 
ill the vessel v v', fig. 102, if the latter were 
om])ty, and the eye were situated at o. 
When, however, water is poured into the 
vess(d, the rays passing from m to i i are 
refracted on emerging from the water, and 
the obj(?ct will now appear to the eye to 
be situated at much higher, therefore, 
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than its real position. Hence, any objects 

lying in water appear to be nearer its surface than is really the case. 
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162. On allowing a ray of light to pass through a thin body with two 
parallel surfaces, it undergoes scarcely any pcrcej)tible alteration. This is 
ol^rved in window-panes, through which objects appear in their true position. 

The case is, however, very different, if the surfaces of the body, through 
which the light passes, are not parallel. 

In experiments on this subject, curved glasses are always employed which 
have received the name of lensesy as some of them possess the form of a lentil. 
They are of great imjwrtance in the construction of telescopes and powerful 
microscopes. 

163. Lenses, like mirrors, are distinguished into those that collect the rays 
of light and those tliat disperse them. 

The collecting lenses are always thickest in their centre ; they are called 
(ioMe convex lenses. The^ likewise contain a focus, a geometrical central 
)X)int, and an axis, like the convex mirror : the kind of image obtained by this 
lens is dependent on the |X)sition of the object. All rays passing through the 
central point of these lenses remain unaltered, while those whose direction is 
jiarallel with the axis are refracted by the glass in such a manner that they 
imito at one external point. 

The focus of a lens may easily be found by allowing the rays of the sun to 
fall perjienclicularly on one side of it, w’hilst a sheet of pajier is held on tin* 
<»ther. A bright ring of light will be observed on the latter, diminishing or 
increasing in size according to the distance of the pajx?r from tlie glass. If the 
former be held in such a manner that the ring of light is .reduced to a dazzling 
luminous point, it is then situated in the focus of the glass. The heat-rays 
that accompany those of light are likewise united at this point, which is found, 
in consequence, to passess a high temperature, frerpiently sufficient to igriitc* 
substances. The double convex lens lias henc<3 been also called the burninf/- 
glass. 

\\%3 will now proceed to examine the phenomena produced by convex 
glasses. 

Fig. 103 rejjresents a lens V W, and an object A B, situated between 
the glass and its focus F, The ray A c is now so refracted as to appear to 
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the eye, on the other side of the lens, to come from a. The ray coming from B 
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behaves in a similar manner ; so that a magnified image of the object is obtained 
on the same side of the lens. 

If, however, the object is farther removed from the lens than the focal-point 
F, as in 104, an inverted magnified image of the object is obtained on the 
opposite side of the lens, and may be allow^ to fall upon paper. 
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164. The concave lens may be also called the hollow lens, as it is spherically 
hollowed out on both sides (fig. 105). Its properties are widely diflerent 
from those of the convex lens, all the rays that fall upon it in a direction 
parallel with its axis being so refracted that they diverge, on emerging from the 
lens, as though they issued from the point F. 
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It converging rays fell upon a concave lens, they will emerge either in a 

paraUci direction, %• ]^-05, 01 , if they coDvei^ oiUy Slightly, as in fig. 106, 

they will diveige on passing out. 



IOC. 


Concave lenses are hence called diverging glasses. 
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165. A very great importance is given to polished glasses by the f)ropertics 
we have just described. Thus the double convex lens by itself is the magnifying 
glass in its most simple form ; it passes under the general name of lens, and 
is employed by watchmakers, engravers, mould-cutters, &c. It is likewise 
indispensable to botanists and anatomists. By an appropriate combination of 
lenses, microscopes are constructed, capable of furnishing images of tlic objects 
observed through them, magnided from 100 to 1,000 times. By means of 
these instmments, myriads of minute living creatures have been discovered, 
of the existence of which no conception was previously entertained, and the 
most important discoveries have been made regarding the stiucture of plants 
and the larger animals. 

These glasses have, however, not only served to increase the visual i)owers 
of the human eye with regard to objects in its vicinity, but they have become 
the key to the infinite space of the heavens, and far-distant worlds have been 
brought by them within the range of our vision. Such combinations of lenses 
as f^erve for observations in the distance are termed teleaDoiien : the general prin- 
ciple of their construction is, that the ra\s of light proci'cding from a distant 
object are collected by a very laige lens, termc<l the ohject-glasa^ or by a large 
concave mirror, and the image thus obtained is magnified by a second lens or 
the eye-glasa. 

• It is to telescopes of this 4loscri[)tion that we are solely indebtt*d for our 
knowl(Klge of the w’ondrous constiuction of the moon’s surface, of tin* satellites 
of Jupiter, of Saturn’s ring, and of many othi'i* imjiortant astronomical phe- 
nomena. Tlio telescope is likewise indispensable to larid-surve\ors, mariners, 
military men, &c. 

Finally, we have to call att-^ntion to a particular application of the images 
produced in the air by lenses, as in fig. 104. If an image of this iU‘&cription 
be allow’ed to fall upon a white surface, in a dark diaraber (camera obscura), 
it may easily be traced thereon by meaas of a ix?ncil. If the object be very 
powerfully illumined by a double convex lens, a highly-magnified image may 
be obtained on a white surface; such images as these are exhibited by the 
magic lantern, and more particularly by the solar microscope. 

The art of preparing lenses of glass was first practised in Hollar.il. They 
were, however, at first only used for s{>cctacles, until tow^ards the close of the 
llth century, the microscope was invented by Leuvenhoek. Tht‘ invention of 
the telescope is ascribed to Gallilei. I3oth instruments have been gradually 
very much improved, the latter particularly by Keppler, Herschel, N(*wton, 
Fraunhofer, and several others. 

Visjox. 

166. Of no other organ of sense is the purpose eech individual part so accu 
rately known as of the eye. It is, Indeed, no^il^ xoore than a tolerably-simple 
optical instrument, which may be most ifjSSY comprehended by a cure/ul 
examination of the eye, of an ox. On culAl^ one open, and removing the so- 
called crystaOine lens^ which consitlB of ^^!aliti6us substance, it will be found 
to behave itself exactly like a coQYex lew^ont of glass. 

The Physicist views the apple of tho>ye ds a small round chambcT (camera 
obscum), W’ith a black interior coating, surrounded by membranes, and filled with 
a jKjrfectly-traiJSparent gelatinous substance, which is called humor vitrens. 
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The front part of the nionibrane enclosing the eye, the tunica sclerotica, is 
transparent, and more strongly curved than the rest of the globe : it is called 
the cot'nea, and forms, with tlu* clear 
liquid it contains, the anterior optic 
chamber, h. The rays of light pass 
into the eye from any object, for 
instance, from 1 1\ through a sniall 
round o])eniiig s s, called the pupil ; 
tliey undergo a refraction by the 
crystalline lens c o', by which an 
image of the object is formed on the 
retina m m\ a net-like inembrani*, which is situated at the back of the eye : we 
Ijpconn* conscious of this image through the oidic nerve. 

The rays <jf light proceeding from the object 1 1\ are first refracted in the 
enl^-rior ojJtic chamber h, <ind aft»T\varJs again undergo refraction by the lens 
( c\ by which a dinnnished image of the object is produced between m m\ 

That this is r(‘.illy the may lio shown with the eye of an ox, namely, 
by removing '"nr^^-fully the back portion of the membrane in sailes or layers, so 
that it becoimfs thin ana transluc«‘nt, and then holding an object, for instance a 
i. liming caiidh*, before tlu^ }mpil of the '^ye; a small image of the candle will 
tlien be distinctly visible on the retina. 

It is li(*ncp 1 xpiical^le why inverted images are obtained of all objects pre- 
'^entod to the ev^*, why, for example, we see in fig. 107 the point I at w,and the 
j)oint V at ami why, m the xiveriinont with tlie e}e of an ox the diminislied 
image of the camlle ajijiears invert* d. 

As we are ac'ciLstoineil Iroin uur earli»'st youth to observe simultaneously with 
the senses of vision and f«‘*‘ling, flic observation made by the tnrmer is imme- 
tliately r(»ctitu'd by th- latter. 

It is clearly provcil by cl.ildom andb} persons who are bom blind and receive 
their sight in hner yeais, ihat we onh airne at a correct conception of the 
situation of objects y:iti of distance, by our sense of feeling and by the move- 
ments of our body. 

167. Every on* , m reading a bcxik, holds it at such a distance fi'om his 
*‘\es, as will enable him to sc-i* it most distinctly. This distance is called the 
(iistanre of distinct vision^ and it generally amounts to eight or ten inches in a 
perfectly sound eye. At this distance, a sharply-defined image of every letter 
fills exactly uf^on the retina, the rays proceeding from every point of the object 
1 (‘ing so reflected in die eye that they reunite at one point of the retina, as 
.se(*n in fig. 107, and then produce a perfectly-distinct image. If wo assume 
the eye t(j retain the* exact arrangement exhibited in the above figure, and 



108 . 109 . 

approach the object closer to the eye, the rays proceeding li*om one point ot 
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the foimer will diverge so strongly, that the\ will not become sufficiently 
lefracted by the eye for the piodiiction of a distinct image on the letina. In- 
deed, the image must £ili at tlie hoLk of the retina» only an tndt^tmct image 
being then produced (fig, 108) If the object be removed beyond the distance 
of dibtinct vision, the rays proceeding from it will converge to such an extent £u> 
to be united before they arrive at the letina, and in this case an indistinct image 
IS likewise produced (%. 109). 

Ht nee every object that is closer to, or more remote from, the eye than the 
distance of distinct vision, must appear indistinct. This is, however, not the 
case with a perfect!} sound eje , any object at a distance is distinctly vi&ible 
to It, and will remain so, when a])proachcd, to a certain limit. The reason 
oi this is, that the arrangement of the icfracting poitions of the inteiioi of the 
eve IS not unalterable, but mav be modihed for distant or close vision. If, on 
viewing an object close at hand, the tunica scleiotica, or fore part of the €}e, 
bccomc's more strongly cuived, it will receive a greater lefracting power, 
vvheieby the image is made to fill on the letina. When the e}e observes 
remote objects, this poition of the eve becomes flattened, and the distance at 
which the ravs umte, m fiont of the letini, is thereby diminislied. 

This capacit} of the eve to suit itself to viewing distant or contiguous 
objects, is called its power of adaptation or accommodation. This power 
IS, however, not common to all eves B} fiec(uentl} oi continually looking 
it objects too close, particularly in one’s voutli, the foicpait of the e}es 
will soon acqmre a pei manently-imi ea^ed cuivature, and they will thereby 
lose then power of adapting themselves to distmt objects, which tlicv will 
theiefoie see onlv indistinctly this defect in vision is calhd bho) t-siq/iUdnesi», 
1 he eje is long-bightcd if it is incapable of adapting itself to view objects that 
ue closer to it tlian the usual distance of distinct vision, wiiicli is eight or ten 
inches. 

llie defective vision of a short-sighted peison is, therefore, the result of too 
powerful a refraction of the ravs of light bv the eje, while with a long-sighttd 
person the reverse is the case. Both defects may Ik; artificially remedied, bv 
(mplojing lenses, which, if convex, will assist in collecting the rays, and if 
they are concave will assist m then dispeision. 

168. tSpectacUs^ thereforf, afloid us means of properly adjusting the ref i ac- 
tion of the ravs of light, so as to ])roduce a wf ll-dlfined image on the ictiiia a 
long-sighted person must be supplied with spectacles with convex lenses, while 
shoit-sighted people lequire concave spectacles. 

Fig. 110 represents a long-sighted, and hg 111a short sighted eje, neither 
of whicii is capable of pioducing a distinct image of the object I V ^ as, in the 
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one case, it will fall at the back, and, in the other, in the front of the retina. 
If these eyes are, however, supplied with the appropriate spectacle-glasses m 
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and n (figs. 112 and 113), the conveniens will efiect a greater refraction of the 
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rays, and the concave a less-powerful refraction, so that in both cases the image 
of the object will fall exactly on the retina, and will consequently be well 
Jpfined. 

It is evident that the concavity or convexity of the spectacle-glasses must 
be regulated according to the magnitude of tlie defect in the vision. 

A person may become blind by an injury sustained by the optic nerve : 
this kind of blindness is incurable, and is called the incurable cataract, or 
amaurosis. Blindness is ' more frequently occasioned by cominwn cataract, in 
which case tlie lens of the eye becomes dim or opaque. Tliis disease may be 
cured by making, with a steady and practised hand, an incision at one point 
in the membranes of tlic eye, by means of sharp and pointed instruments, and 
then either extracting the lens through tlie pupil, or pressing it down, so that 
light may be able to pass into the chamber of the eye. After the operation, 
the eye is supplied witii spectacles containing very powerfully refracting 
tlouble-convex lenses, in order that tlie dispersed rays of light fallingon the 
eye may be refracted and fall together on the retina. 

The eyes of the higher orders of animals, namely, the mammalia, birds, 
amphibious animals, and fishes, corres]X)nd with the human eye in the most 
important parts of their structure. Of the more imperfect animals, some 
})ossess no eyes, and others have eyes of a p£‘culiar constniction (fig. 1 14). A 
great number of small hollow conas a b c d, 
sfcmd rectangularly uj)on the convex retina,/^, 
and through which the rays of light, proceeding B 
from the various points of an object, fall upon 
the retina. These animals can only see conti- 
guous objects, which apj)ear to tliem as an object 
does to our eyes when viewed through wire- 
work. Each small cone is covered at tlie uppex 
(‘xtremity with a transparent membrane ; and an 
eye of this description presents to us the appear- 
ance of a hemisphere, with numerous small sur- 
liices, amounting to from 12,000 to 20,000. All 
insects, for instance the common flies, have eyes 
of this description. Many, however, in addition 
to these plane-surfaced eyes, have lens-eyes, as is 114. 

the case with spiders. 

169. Under certain circumstances, Nature herself gives rise to the conditions 
required to produce remarkable reflections of objects in the air, and to whicfi 
jihenomena the names air pictuns,fata morganay and mirage have been given. 

K 3 
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For th^ production of these phenomena, large planes are necessary, over 
which extends an exceedingly calm stratum of air, so that, after sunrise, the 
lower portions rise only very gradually as they b^oroe warm, and mix with 
the denser upper portions. If any lofty objects are 
situated on the plane, as in fig.^115, two images of 
these will reach the eye of the observer, under the 
above circumstances; the one produced by tlie ra}*Ei 
that proceed directly from h to /), the other result- 
ing from a 

ing from A, 
being refracted ^ 

dense strata of ^ 

to such an “ - ’ ’ 

extent that it 

appears to proceed from the direction z ; thus a second' 

but inverted image of the object is seen in that direc- ^ i.j / /. 

tion. A stratum of air is situated between the two // vj 

images, so that now the imj^ression produced is the 

same as if a row of objects, as trees, hills, spires, &c., 

were visible and reflected by the water of a lake or sea. 

These phenomena are most frequently observed in ' 

the deserts of Egypt: travellers are often most pain- its. 

fully disappoint^ by the sudden disappearance of 
what seemed to them refreshing waters in the midst of the scorching sand. 

Some varieties of these reflections have also been observed, although but 
rarely, over seas and other places. 

Jfalos round the moon, as also mock suns and moons ^ may be seen occasional I v, 
when these bodies are viewed through very thin strata of clouds, which cover 
the heavens. These phenomena are likewise considered as resulting from the 
refraction and reflection of light. 

' Colours. 

170. A ray of light, when directed, by means of a mirror m, fig. 116, into a 
darkened room, through an opening o in the window shutter, will pro<Juce on 

the opposite wall t of the room 
a round white image g. If, 
however, the ray be received 
upon a triangular piece of glass 
(a so-called prism, of which p 
is a section), on its immediate 
entrance through the opening, 
it will not merely divexge con- 
siderably from its origin^ path, 
but will likewise produce an 
11 ^; elongated streak of light u|)on 

the wall, between r and u. 


I 
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composed of beautiful colours, the lower end at u being vwfei, which is fol- 
lowed successively by stripes of %ndig(Mue, blue, green, yelUnc, (yrange, and red. 
These are the same colours, and arranged in the same order, as those observed 
in the rainbow ; they are called prismatic or rainbow colours, or colours of the 
solar spectrum. 

The white solar light is, therefore, not only refracted by the prism, but also 
decomposed or dissected into seven luminous rays of different colours. The 
white rays are, therefore, called compound or mixed light, because they are 
composed of the seven sim[)le rays. The possibility of decomposing light is 
l)ased upon the circumstance, that its component parts possess various degrees 
of refrangihility. If the solar spectrum be examined, it will be seen that the 
red light is situated nearer than the violet light to the position which the non- 
jrefracted spot of white light would occupy ; the former possesses, therefore, 
the least, and the latter the greatest refrangihility. The difference in refrangi- 
lality arises from the unequal length of the waves of light composing the simple 
rays, it l^eing analogous to the difference in sound, caused by the unequal 
length of the sound-waves. 

If the seven coloured rays proceeding from the prism be collected by means 
of a convex lens, they will be reunited at its focal-point to white light. This 
phenomenon may be observed by simply pasting in a circle upon the upper 
part of a peg-top, pieces of paper of equal size and various colours, resembling 
as much as possible the prismatic colours, and then spinning it ; the impression 
made upon the eye by the various colours will become mixed, and the variegated 
ui)per surface of the top will appear white. 

Those bodies, therefore, that refract all the rays of light in their original 
mixture, are white, while those that absorb the rays are black. There is, 
however, scarcely a body existing that possesses one or other of these properties 
in its full extent, hence result the various shades from white, through gray, to 
black. * 

There exist likewise bodies, the particles of which are so arranged that they 
only check the vibrations of certain waves of light, while they refract the 
remaining waves unaltered. Thus, a red body absorbs all the coloured rays of 
the white light that falls upon it, with the exception of the red rays, which it 
reflects. All other colours of substances, such as blue, green, yellow, &c., are 
accounted for in tlie same manner. 

171. Many substances only appear coloured when they are seen in large 
masses ; glass or ice, for instance, appear colourless when in thin layers, while 
they have a green or blue appearance when viewed in larger masses. Even the 
air, when viewed in a mass of the height of the atmosphere, has a beautiful 
blue colour : assuming the absence of the atmosphere, the space of the heavens 
would api)car black. Indeed, the air, when viewed from many high mountains, 
appears dark blue, because the black of the universal space above, penetrates 
through die less dense and high stratum of air. On level ground even, the 
air appears to us darker over our heads than at the horizon, as^ ln observing 
the latter, we have to look through a mass of air of &r greater extent than that 
situated over our heads. The blue appearance of distant hills is imparted to 
them by the large mass of air, situated betweeiMhem and our eyes. 

The red and yellow colour of the heavens, known by the name of evening 
and morning red, is ascribed to the property possessed by the aqueous vapour 
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in the air, particularly when it passes over from the state of fog into real 
vapour, of allowing the passage of red and yellow light only. This production 
of vapour generally takes place in the morning or evening. 

The Rainbow. 

172. This phenomenon of Nature is so remarkable for the splendour of its 
colours, tliat it requires our particular notice. Though rain and sunshine are 
pretty generally known to be the necessary conditions for the production of 
the rainbow, the precise explanation of its formation ainnot be given in a few 
words ; we shall, therefore, confine ourselves here to an endeavour to lead to 
the proper comprehension of its nature. 

A comparison of the rainbow colours with those of the solar sjwctrum pro- 
duced by the prism (§ 170), which will be found to correspond with them in 
shade and arrangement, must lead to the conclusion that the formation of the 
rainbow is owing to the refraction and decomposition of light. 

Drops of dew or rain, susi^ended to grass or bushes, may be frequently found 
to appear to the eye of a bright-red colour : by slightly shifting the position of 
the eye, the Colour of the drop may be made to appear successively yellow, 
green, blue, and violet, and also colourless. This pi'oves that the rays of light, 

. falling in a certain direction uj wn the drop of water, are refracted thereby and 
decomjKised into the coloured rays which become visible to the eye when it is 
situated in the direction of the emerging rays. We may, therefore, imiigine 
the seven prismatic colours to reach our eyes simultaneously from seven ditlererit 
drops, provided the proper relative position between the latter and the former 
exists. This is frequently the case %vhen the sun shines upon a quantity of 
drops falling from waterfalls, fountains, paddle-wheels, &c. 

The rainbow is always observed to be situated in the west in the morning 
;nid in the east in the afternoon, so that in looking at it we must alwa}^ stand 
with our backs to the sun, and have the cloud of rain before us. It is, how- 
ever, necessary, for the production of a rainbow, that the height of the sun above 
i tlie horizon should not exceed 42 degrees. Hence w^e generally observe tliis 
])henomenon in the morning or towards evening ; and it is only in the winter, 
when the sun stands very low, tliat the rainbow is sometimes seen at hours 
approaching noon. The form of the latter is in reality that of an enormous 
circle, of which the half that is situated below the horizon is invisible to us. 
(circular rainbows are visible, however, under certain circumstances, particularly 
from the masts of vessels. As rays of light roach the eye from all parts of u 
rainbow, the former may be considered as the point of a cone, the biise of which 
is the rainbow itself, and whose axis is represented by a straight line, passing 
from the centre of the \)ow tlirough that of the eye, and, if prolonged, would 
touch the centre of the sun. 

We usually observe a second rainbow close to the first, the colours of which 
are, however, much paler. This phenomenon is the result of a second refrac- 
tion of the once-rcfracted rays by other drops of water, whereby the light 
))ecomes much fainter. It must ^so be observed that in the second rainbow, 
the order of colours is reversed, the red forming the outer largest circle, and 
violet the inner circle. 
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III. PHENOMENA OF CURRENTS. 

ELECTRiaTY — M agnetism. 

173. If it were in our power to collect in this work all the observations made, 
and facts discovered, in the departments of electricity and magnetism, we should 
be filled with surprise and wonder at the industry and penetration displayed by 
natural philosophers. The description of all that has been done in this branch 
of Physics, since the middle of last century, would furnish volumes sufficient 
to fill a whole library. 

But, notwithstanding the multiplicity of electrical and magnetical phenomena, 
it is a matter of great difficulty to trace their ultimate cause ; it is, indeed, 
"Tcarcely [wssiblo for us to form even a general conception thereof from individual 
effects, as we are able to do with heat, sound, and light. 

The ether by which all matter is penetrated appears capable of being set into 
peculiar motion, which we term the motion of currents^ possessing a charac- 
teristic tendency to return uj^on itself, in a manner analogous to circular motion. 
These currents may be considered as moving either in aggregations or in sur- 
fiices, giving rise to various phenomena, which become perceptible to us as 
electricity and magnetism. Some paiticular phenomena are the results of the 
mutual approach of two currents of this description from various directions. 
Thus, parallel currents attract each other, while those meeting from opposite 
directions repel eacii other. 

The relations of bodies themselves to this kind of motion of ether may vary 
just as much as they do with the undulatory motion. Manifold effects are thus 
produced, of which we shall here mention only the most important. The terms 
employed in the description thereof do not, however, bear any reference to the 
above mode of viewing them, it not being sufficiently well grounded to be 
applied in the consideration of all electric and magnetic phenomena. 

I. Electricity. 

174. P^lectrical phenomena are produced, 1, hy frktion between different' 
bodies ; 2, by placing in contact bodies differing from each other, either in their 
structure, temperature, or chemical character; 3, by the transition of bodies 
from one condition to another ; 4, by the chemical metamorphosis of bodies ; 
5, by various animals, either voluntarily or involuntarily. 

The most important electrical phenomena arise from the first, second, and 
fourth causes. 

175. (1.). Frictional Electricity.— A piece of sealing-wax, resin, or sulphur, 
when rubbed with wool, acquires the property of attracting light bodies* such 
as scraps of paper, hairs, &c., from a little distance. This* is the most ancient 
electrical phenomenon, it having been kno>Yn to the Greeks, who pei’CelVed it 
on rubbing amber, which they called electron^ and from which the name 
electricity has, therefore, been derived. A*^ass tube, when rubbed forcibly 
with a silk handkerchief, acquires the same property. Thesb substances are 
said to become electrical by friction, and the cause of their attractive power 
is the electricity imparted to them. 
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A great number of bodies do not possess the above property ; they have, 
therefore, been termed non-electric, in opposition to electric, bodies. The former 
class of bodies may be represented by the metals, and the latter by the above- 
named substances. Accurate observation has, however, shown that there exists, 
strictly speaking, no perfectly non-electric substance, all bodies being liable to 
conversion into an electric state, although this property is possessed by some 
only to a very slight extent. 

If glass or resin be forcibly rubbed in the dark, their surfaces will present a 
: luminous appearance : on approaching the knuckle of a finger or any metallic 
; object to them, when in this state, a brilliant spark will pass over to the former, 

’ accompanied by a crackling noise, and produce a slight pricking sensation at 
the point where it enters the finger. This phenomenon is called the electric 
spark. 

Electricity exists always only on the surface of the electrified body, and is 
only abstracted from those points of glass or resin that are actually touched. If 
the rubbed glass or resin be approached by a metallic object, the electricity 
passes over to the latter, which is then possessed of all the electrical properties ; 
it attracts light bodies and emits sparks. It is, however, remarkable that 
metals lose their electricity immediately and entirely, when tliey are touched 
only at one single point. Such bodies as abstract the electricity from electrified 
resin or glass, thereby becoming electric themselves, are called coiidt^tors, and 
other bodies that do not possess these properties are termed nonrConSvtCftoi^s^ 

Metals are the best conductors of electricity. Liquids, acpieous vapour, the 
bodies of men and animals, and fresh plants, are likewise very good conductors. 
Glass, resin, wool, silk, and drp air do not conduct electricity at all, or at least 
only to a very slight extent. If an object of glass be brought near to electrified 
resin, glass, or metal, it does not remove a trace of electricity. Hence the latter 
may be retained in any substance by sun’ounding it with good non-conductors. 
Thus, for instance, any metallic body, placed upon a disc of resin or plate of 
glass in day air, and then electrified, will only part with its electricity on the 
approach of a conductor. When bodies are surrounded on all sides by non- 
conductors, they are said to be insulated; and the latter are, therefore, also 
called t/isttZafors. 

If a small ball of cork be suspended to a silken thread (fig. 117), and a piece 
of rubbed sealing-wax be brought towards it, the ball will be attracted until it 
touches the wax; the moment, however, that this is the 
case the cork will be forcibly repelled. It has now taken up 
a portion of electricity from the wax. On again approacliing 
freshly-rubbed sealing-wax to the ball, it will no longer be 
attracted ; on the contrary, it will fly from the wax in an 
opposite direction: hence it appears that the two bodies 
charged with electricity derived from the sealing-wax 
mutually repel each other. If a glass tube be now rubbed 
with a piece of silk, and held to the cork, it will be observed 
that the latter will move towards the glass even from a 
117 . considerable distance, being attracted by tlie electricity 

of the glass. 

If a ball of this description is charged with electricity from resin, and 
another with electricity from glass, and these be then approached until they 
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attract or touch each other, they will be found, after having been in contact 
neither of them to possess any electrical properties whatever. ’ 

The following facts are deduced from the above simple experiments : 

(1.) There are two kinds of electricity; first, that obtained by the friction of 
glass, wliich is termed msitive or vitreous electricity, as also + electricity; 
secondly, that procured T^the friction of resin, to which the name ne^tivt 
or resinous electricity has been given, and wdiich is also designated "Ss '— 
electricity. 

(2.) Bodies, charged with the sam kind of electricity, repel each other, while 
those containing opposite electricities attract each other. 

(3.) The opposite electricities always endeavour ito unite. When once this 
is effected, neutral electricity ensues, i. e., the two electricities mutually neutralize 
each other’s properties, and electricity is no longer perceptible. 

(4.) All bodies contain both electricities in the combimd state : these may bo 
separated from each other by various means, for instance, by friction. If, then, 
the rubbed body becomes positively electrified, the substance with which friction 
is applied becomes negatively electric. 

176. Electricity hy Induction , — The horizontal metal rod c c' (fig. 118) 
is insulated by being fixed upon a glass stand. A couple of cork balls are 
attached to each end by means of slender 
metallic wires. A rod of resin r, rendered 
negatively electrical by friction, is then 
brought near to one pair of the balls. It 
may be easily conceived that the negative 
electricity of the resin will attract the })Osi- 
tive electricity of the metal and repel its 
negative electi’icity ; the combined elec- 
tricities in the latter are thus separated^ the 
+ electricity being situated at o', and the 
— electricity at c. This is rendered per- 
ceptible by the behaviour of the balls. The two balls situated at c', both 
containing + electricity, repel each other; as is likewise the case with the 
other two balls at c, which have become negatively electrified. On removing 
the rod of resin r, the separating cause is done away with, and the separated 
electricities in the metal will immediately reunite, which is proved by the balls 
falling together again. 

If the metal is touched with the finger at c, while the stick of resin r is still 
held near c', the — electricity contained in the former extremity will be con- 
ducted off by the finger, while the -f- electricity collected at the other end will 
remain . combined with the — electricity of the resin. On removing the finger 
first, and afterwards the resin, the whole rod will be charged with -t- electeicity, 
as will be indicated by the mutual repulsion of the balls. 

If we had employed rubbed glass instead of resin exactly the same phenomena 
would have taken place, except that in the above description all the electricity 
marked -f- and — should be changed, the + made — and the — made +• 

This induction of electricity, therefore, affords us a means of charging any 
isolated body with + or — electricity at pleasure. 

177. The electrophorus (fig. 119) is a very simple instrument, capable of 
affording an abundant supply of electricity by means of induction, A mixture 
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of two parts of shellac and one of turpentine is poured into a plate of metal, 
of about one foot in diameter and one finger-breadth in height, so that the 
mass yields, on cooling, a cake possessing as even a surface as possible. 
This is made electric by rubbing it with a cat’s skin; a metal cover, fur- 
nished in the centre with a glass handle is then 
^ placed upon it. We will now proceed to examine 

the action of the electrophorus. It is assumed 
that the electricity of the cake lias been separated 
by friction, so that — electricity is collected on its 
' . upper surface, while the + electricity is collected 

on the lower one. In placing the metal plate 

, JL-, upon the cake an induction of electricity likewise 

takes place, since its -f- electricity is neutralized by 
the — electricity of the cake. On now touching the " 
cover whilst in this position with the finger, its free — electricity is conducted 
away by the body. If the finger be removed, and the cover then lifted by its 
insulated handle, it will lie found charged with free + electricity, which may 
be then employed for any experiments, in which glass or resin were previously 
made use of. If this apparatus be properly constructed, a very bright spark 
may be extracted from the charged cover on approaching the knuckle of a 
finger. 

When its electricity has been thus abstracted, it may be again charged as 
above described. It is remarkable that a spark may even be obtained from the 
plate, on lifting it up after the lapse of weeks or even months. 

178. The Leyden jar (fig. 120) is a common glass jar, coated internally and 
externally with tinfoil to the height a a. The opening is closed by means of a 
bung or a piece of wood g g\ through which passes a rod 
® J furnished with a brass ball at the upper end, and terminating 

B j at the lower extremity in a chain, which should touch the 

y bottom of the jar. On bringing the intoior metallic coating 
by means of the ball in contact with any source of electricity 

ami H— W I Ma (for example, the cover of the electrophorus) it will receive 

| | ii j! Ill a charge of -f electricity. The latter exerts through the 

1 1 i| |: I H glass a dispersing action upon the electricity contained on 

1 1 ^ ij I H the exterior coating, by combining with the — electricity, 

1 II repelling the -I- electricity, which is conducted by the 

1!/^ object on which the jar stands towards the earth, over the 

surface of which it distributes itself, and thus disappears. 
120. coating of the jar are, therefore, 

charged with opposite electricities, which are prevented from combining by 
the glass situated between them. These will unite, however, at the moment 


that the two coatings are connected by a conducting body. If this connection 
be effected by touching the ball with one hand and the exterior coating with 
the other, the electricities will pass through the body, and a peculiar concussion, 
which is termed the electric shocky will be felt, particularly in the joints. .Its 
intensity depends upon the charge of electricity in the jar : forty to fifty sparks, 
allowed to pass from the cover of the electrophorus into die jar, yield a suflS- 
cient charge to produce a very sensible shock. If several persons form a chain 
by joining hands, and the first one touches the knob, while the person at the 
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Other extremity touches the exterior (rf the charged Leyden jar, a shock of 
equal force will be simultamously felt by every person, however large the 
number of persons who form the circle. 

The electricity may be also discharged from the jar without the production 
of a shock, by employing a discharging rod (fig. 121), constructed of brass, 
and provided with a 
glass handle. By lay- 
ing hold of the latter, 
and touching the ball 
of the jar with one ball 
of the discharger, and 
the exterior coating with the other ball, the electricities will be united with the 
production of a very brilliant spark. 

179. A combination of several jars is called an electric battery : this is capable 
of producing tremendous shocks, according to the intensity of its charge. The 
sparks may be mad<j to pass over at tlie distance of several indies, and are accom- 
panied by a sharp report. Animals may be killed by such discharges. If the 
charge be allowed, to pass through a long wire, interrupted at any point, a spark 
will pass over the space, provided it be not too gi*eat. The same phenomenon 
is observed if a wire be arranged with several small spaces, and very pretty and 
striking phenomena of light may be thus produced. 

180. Electrifying machines (fig. 122) are employed for the production of 
powerful electric phenomena. The one in most gcaieral use consists of a ghiss 
plate, or disc, i to -J- inch in thickness, and 2 to 4 feet in diameter. It is 
moveable round its axis,' and, when turned round, rubs against four cushions, 
which are covered with an amalgam of tin and meremy. The + electricity, 
thus liberated, is collected by the conductor, which consists of a hollow polished 
cylinder of brass plate, which is insulated by means of a stout rod of glass. 

Such machines are employed specially for charging batteries, and also for 
performing a large number of experiments, which are partly of scientific interest, 
and partly of a popular and entertaining character. 

181. Asa general rule, it is highly essential that the atmosphere should be 
warm and dry, when electrical ex^^eriments are made, as the conducting pro- 
perty of moist air prevents the collection of a sufficient amount of electricity for 
the production of striking effects. In the winter, the experiments succeed best 
when performed near a &e; and it is advisable to place tlie ap])aratus in front 
of the fire for some time before it is employed. 

182. The most striking and stupendous electrical phenomena are produced 
by Nature herself. Thus, the dayjzling forks of lightning that break forth, flash 
after flash, from the clouds, followed by tremendous peals of thunder re-echoing 
through the skies, are nothing more tian immense electric sparks, often joules 
in length. These discharges pass from one cloud to another, or to the earth, 
and are accompanied by a report corresponding to tlie crackling noise which 
each small spark makes as it passes from the electrophorus. 

Although we are unable to form any accurate conception of the manner in 
which free electricity is collected in the different clouds, its existence therein 
was clearly proved by Franklin, in the year 1752^ by means of a kite raised in 
the air, during a storm ; the string, to which it was attached, being possessed 
of suflicient conducting power to exhibit electrical phenomena. These would 

L 
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^naturally be rendered more evident, by enclosing a wire in the string. It has 
since been proved that the atmosphere is frequently in an electrical state without 
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any thunderstorms being observed; and from this we may with certainty 
assume, that electrical currents are universally distributed, and produce miany 
effects that still appear to us enigmatical. 

A cloud, for instance, charged with free electricity, on approaching the sur- 
face of the earth, acts by induction on the electricity of the latter ; and the 
negative electricity will pass from the earth to the cloud until the two elec- 
tricities have neutralized each other. In this manner most electrical clouds 
.pass over the earth, without being accompanied by any striking phenomena. 

If the electric cloud is very close to the earth, and there are lofty objects on 

the surface of the latter, such as trees, steeples, moaotain summits, die., from 

which a strong discharge of electricity takes place, the combination of the two 
electricities at those points is accompanied by a powerful flash ; and hence we 
say that objects are struck by lightning. 

183. Thunderstorms are rendered & less dangerous by the use of lightning- 
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conductors, which continually conduct the opposite electricity from the earth to 
the electric cloud, thereby neutralizing or diminishing tlie electricity of the 
cloud to a considerable extent. Should, however, a flash be emitted from the 
cloud even under tliese circumstances, it will pass over in preference to the 
elevated ii'on rod or wire of which the conductor is made ; and as the latter is 
always constructed outside a building, and passes into the ground, the electric 
current will follow this good conductor, without touching the building. A 
good lightning-conductor may be considered as capable of protecting a space 
around it^ about 4i|i feet in diameter. 

As somd travels so iriuch more slowly than light, the thunder is always 
heard aftet the lightning has been seen. It is only when a storm is just over 
our heads, and particularly when any object close to us is stnicklfby lightning, 
that the tliunder is heard simultaneously. The greater die interval between 
lightning and thunder, the greater is the distance of the storm. When the 
latter is very far off, no thunder is heard ; we only see the lightning, which we 
then term 

The effects of hglitning are always exceedingly powerful, and sometimes 
terrific. It annihilates all objects that lie in its path ; fuses metals, ignites 
combustible substances, and destroys men and animals. But in the bodies of 
persons destroyed by lightning no external injury is in general perceptible. 
The electric discharge is always accompanied by a peculiar suffocating, sul- 
phurous smell, which is sometimes noticed in a slight degree to emanate from 
powerful electrifying machines. 

As electricity collects most readily in pointed objects, it is always advisable 
to- avoid trees, steeples, high chimneys, &c., dm'ing storms. Single trees or 
clusters of trees on open fields are particularly dangerous: and unfortunate 
beings are constantly falling a sacrifice to lightning on such spots, to which 
they have fled for shelter from the storm and rain. 

2. ELECrRIClTY BY CONTACT. 

184. It has already been mentioned that substances, differing from each other 
either chemically or in their temperature or structure, produce electricity when 
brought into contact. This property is exhibited especially by metals. We 
shall choose copper and zinc from among these for our consideration, partly 
because they are powerful exciters of electricity, and partly because they are 
the two metals most generally employed for this pinrpose. 

185. Elementary experiment . — If two extremely smooth and well-polished 
discs, one of copper and the other of zinc, each provided with an insulated 
handle, be placed upon each other, so that the polished siufaces are in contact, 
and again separated, the zinc will be charged with + electricity, and the 
copper with — electricity. The charges are, however, very slight, and can 
only be indicated by the most delicate electrometers, of peculiar construction. 
The plates themselves undergo at least no perceptible change. 

The following is an experiment of a similar nature : two sheets of gold-paper 
are pasted together back to back, and in a similai* manner two of silver-pa^r. 
They .are then cut into discs of about the size of half a crowm, w'hich are piled 
upon each other in such a manner that gold and silver paper follow alternately: 
the column thus obtained is slightly compressed and introduced into a glass- 
tube,- the ends of which are then closed with corks, through which are passed 
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pieces of wires. Piles of from 500 to 2,000 pairs may be thus constructed, 
the wires of which will be found, on examination, to be charged with opposite 
electricities. This apparatus is called the dry ptle^ or Zamboni’s pile, and, 
under favourable circumstances, retains its power for years. 

Those two experiments afford almost the only instances in which electricity 
is produced by simple contact. In most other cases, chemical decomposition 
acts simultaneously with contact in the production of electricity. 

186. Fig. 123 represents the vdtaic or galvanic pile^ called after Galvani, its 
discoverer, and Volta, the founder of the phenomena produced by contact. It 
is sometimes placed in a stand, the upper and lower parts of 



which are made of wood, and connected with each other by 
three glass rods. A disc of copper is placed at the bottom of 
the pile, and next to it one of zinc ; these two discs being gene- 
rally soldered together, by which the construction of the pile is 
much simplified. Upon the zinc disc is placed one of pasteboard, 
woollen cloth, or felt, previously soaked in water, and then 
Y)ressed. More discs, of the different substances, are then 
placed upon these exactly in the same order ; and thus a pile 
of from 20 to 40 pairs may be constructed, terminating at the 
top in a plate of zinc. 

The zinc end, P, of the pile is called positive pole, and the 
copper end, C, the negative pole, as the respective opposite elec* 
tricities, ]>rodiiced by the contact of the pairs of Y>lates, are found 


collected at the extremities. On soldering wir(»s to the termi- 


123. Dating plates P C, aatin fig. 123, they will form the two poles 
of the pile: 


When these two wii'es are in contact, the circuit is said to be closed. No 


sign of electrical excitement is then visible ; the action, nevertheless, continues 
in the interior of the pile. The opposite electricities collected at the poles, in 
particular, neutralize each other perfectly on meeting ; every trace of electricity 
must therefore vanish, as when a Leyden jar is discharged, if a fresh quantity 
were not continually produced by every ])air of plates : when the circuit is 
closed, two electrical currents are continually passing through the pile in op- 
posite directions, and partially combine at every point of the dosing wire. If, 
therefore, the latter be disconnected at any point, as seen in fig. 123, a con- 
tinuous spark will pass from one wire to the other. The same takes place if 
the wires are severed at several points. It is of course requisite that the space 
between the wires should be of inconsiderable size. 


187. The actions of the current, circulating in the pile, merit our special 
attention. Their results may be classed under three heads ; 1. Phenomena of 
heat and light ; 2. The excitation of nerves and muscles ; 3. Chemical decom- 
j)Ositions. 

If a piece of fine wire of any metal be fixed from one conducting wire to the 
other, so that the electric current must necessarily pass through the wire, it will 
become hot, red-hot, and even heated to whiteness. Iron-wire burns Under Jljese 
circumstances, while wires of platinum, the most difficultly-fusible metal, will 
melt into small globules. The intensity of the phenomena depends uix)n the 
power of the pile. In some instances a platinum wire, 20 inches in length, has 
been kept at a red-heat by the electrical current. On fixing a point of carbon to 
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each wire, and approaching them until, they nearly touch, the passage of tlie 
electricity from one pole to another is accompanied by the production of a 
dazzling white light, rivalling the light of the sun. 

188. Assuming the circuit of the pile to be closed, on taking a wire in each 
hand and breaking contact, a peculiar concussion will be felt in the joints of the 
arm and hand, accompanied by a slight contortion of the muscles, increasing to 
a very violent shock, which is repeated every time fresh contact is made. The 
concussion of the nerves of the body is, therefore, produced by the entrance and 
exit of the currents of electricity ; for they evidently must pass through the 
body the moment it forms the connecting link between the two poles. By a 
particular arrangement, the circuit may be closed or interrupted at pleasure, 
and in such a manner that the current may be made to pass alternately through 
the wires and the body ; the latter being thus exposed to a series of shocks 
which are considered particularly adapted for the cure of diseases arising from 
the injury or derangement of the nervous system, as, for instance, in cases of 
asphyxia, deafness, &c., the results, however, of this curative method, have not in 
general answered 
the expectations 
which were at first 
entertained. Num- 
berless arrange- 
ments have been 
at various times 
proposed for the 
construction of 
medico - galvanic 
machines ; but the 
one combining the 
most advantages is 



shown in figs, 124 
and 125, which is composed of 
two batteries AB, with their re- 
spective cells C D. Each battery 
consists of a central thin plate of 
platinised silver, separated from 
the outer, or zinc plates, by means 
of a frame of wood. The binding 
screws, E F, after passing through 
the frames, are soldered to the 
silver plates, and the zinc plates 
are retained in their respective po- 
sitions by means of tlie binding 
screws G H. The copper band I 
is used to connect the zinc plate 

of one Mttery with the silver 

plate of the other, and the wires 
K L are to afford a path by which 
the electricity may enter and leave 
the other parts of the apparatus. 
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To the binding screws, marked X and Z, are attached wires, leading into the 
interior of the coil machine. The indicator, 0, is for the purpose of regulating 
the qmntity of the current. The bundle of iron-wires, Q, serves to increase 
the intensity of the current. The contact-breaker, R S, is for the rapid making 
and breaking the battery contact, and the binding screws, P N, are for attach- 
ing the conducting wires of the directors U V, by means of which the current 
is transmitted to the patient. 

189. The chemical action of the electrical current can only become intelli- 
gible to us after having studied chemical phenomena in general. At present it 
will suffice to say that the current exerts a tendency to decompose all chemical 
compounds, through which it is passed, into their elements. Electro-mtaU 
Iwryy is an application of this property of the electrical current. 

190. We have made ourselves acquainted with the voltaic pile in its most_ 
simple form. It has at various times undergone a great number of alterations 
with regard to its elements as well as to its construction. The action of the 
pile is greatly increased by moistening the cloth, placed between the plates, in 

ta solution of salt, or in dilute nitric acid, instead of in water, or by placing the 
t pairs of plates in receivers containing such fluids, and connecting them properly 
iby wires. In this case the electricity is increased to an extraordinary degree 
with the commencement of chemical decomposition. The power of a pile 
increases in general in proportion to the size and number of its elements. 
vSeveral piles may be combined, and thus have their power united, as is the 
case with a battery of Leyden jars. 

Daniell’s constant batteiy, fig. 126, consists of a cylinder of copper, contain- 

— 
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ing a porous cell, in which is placed a solid rod of amalgamated zinc. The 
copper cylinder is furnished with a perforated shelf upon which crystals of 
. sulphate of copper are placed, in order to keep the battery in constant action. 

I This battery is excited by the solution of sulphate of copper in tiie outer cell, 

; and dilute sulphuric acid, containing one part of acid to ten of water, in the 
.inner ‘cell. Fig. 127 represents six of Daniell’s batteries in a mahogany tray, 
with connectors suitably arranged for obtaining either quantity or intensity, 
Srme's battery, fig. 128, consists of a plate of platinised sflv’S^S,' Having a bar 
of wdoirHxed at the top, to prevent contact with the zinc, and is furnished 
with two binding screws. A stout plate of amalgamated zinc, Z, is placed on 
each side of tjie wood, and both are retained in their position by the binding 
screws. This combination is immereed in a jar, A, containing dilute sulphuric 
acid, when, if a metallic communication is made between the poles or screws, 
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an active galvanic current is obtained. Fig. 129 repi’esents a compound 
Smee’s battery. 



The most powerful galvanic arrangement is shown by fig, 130, and is tht 
invention of Professor Grove. It consists of 
slips of platinum A, placed in porous cells 
each cell being surrounded by a thick zinc 
cylinder contained in a glass or porcelain 
vessel. The platinum in each cell is attached 
to the zinc by the binding screws Jt ; but at 
the extremities or poles, the platinum forming 
the one pole terminating in the screw a, is 
united hy the band e, and the zinc forming 
tlie other pole, and terminating in the screw h, 
is connected by the band d. This battery 
is excited by filling the outer cell with dilute sulphuric acid, the inner porous 
cell with strong nitric acid. 

191. The powerful action of electricity by contact on the nervous system 
gave rise to its discovery in the year 1789. Galvani, on suspending some 
frogs’ legs, from which he had removed the skin for anatomical purposes, to an 
ir'on railing, by means of copper hooks, observed that they underwent remark- 
able contortions. The phenomenon when more carefully studied, particularly 
by Volta, led to an endless number of discoveries with regard to electricity, 
and their source is evidently not exhausted yet. 

Entire series of phenomena, of too complicated a nature to be explained in a 
brief outline like the present, are based upon the above observations ; we shall 
therefore confine ourselves, in the following pages, to an examination of the 
reciprocal action between electi'icity and magnetism. 



2. Magnetism. 

192. An iron-ore, pretty generally distribute in Nature, possesses the pecu- 
liar property of attracting small particles of irl^ii'^ch as filings, and retaining 
them on its surface. This observation had already been made by the ancients, 
and the name of the phenomenon is derived from the village of Magmsia^ 
where it is said to have been first noticed. The alcove mineral exists in 
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Sweden to such extent that it is worked for iron. It is called tlie loadstone or 
magnetic iron. This mineral attracts nickel as well as iron ; but as the former 
can only be obtained, with the greatest difficulty, in the pure metallic state, we 
shall confine ourselves here to the consideration of the behaviour of iron with 
the magnet. 

193. The magnetic property of loadstone may be easily imparted to steel, 
by rubbing the latter in a certain manner with a piece of the mineral. It is then 
c^led an artificial magnet ; and, as it may be made in any form, it is employed 
for all magnetic observations. A thin and long piece of magnetized steel is 
termed a magnetic needle; and we will first proceed to make ourselves ac- 
quainted with the behaviour of this insti'ument. 

If a magnetic needle be strewed over with iron-filings, a great number will 
adhere to both ends, while the centre will not attract a single particle. The 
terminating points of the needle, which are possessed of the highest attractive 
power, are termed \\& poles, while the place where no attraction exists, is called' 
the equator of the magnet. The same may be found in all natural and artificial 
magnets, whatever may be their form. In magnets of regular form, the poles 
are generally situated at the two opposite ends, and the equator exactly in the 
centre, , 

194. If a magnetic needle be arranged so as to revolve easily on its vertical 
axis, it will always, when set in motion, oscillate from side to side, until it 

remains stationary in a certain position, to which it inva- 
riably returns, in whatever other direction it may be placed. 
One of the poles always points towards the north, and is 
called the north pole of the magnet, while the other necessa- 
rily points to the south, and is termed the south pole. This 
property of the magnet has led to its application as a comr 
pass, by which simple instrument the direction of any place 
may be determined when all other means of indication are 
wanting, as, for instance, on the open sea, in large forests, 
and in mines. 

195. If the south pole of a magnetic needle, supported as at fig. 131, be 
brought near to the south pole of another magnet, the extremity or point of 
the moveable needle will be repulsed. If, bn the other hand, its south pole 
be brought near to the north pole of another magnet, it will be attracted by 
the latter until they come in contact, and will then cling to each other. Thence 
we see that similar magnetic poles repel, while opposite poles attract each 
other, as is the case in electricity. 

196. Although iron and steel are in most respects so similar, they differ 
very much in their relations to magnetism. Both contain the two kinds of 
magnetism in combination. As long as tllis is the COSC, tllCJ are nOt ObSerVed 
to possess magnetic properties. In iron, the separation of the two kinds of 
magnetism may be easily, but only transitorily effected. The magnet, therefore, 
attracts it powerfully, converting it, however, only into a temporary magnet. 
The two kinds of magnetism are more difficultly separated in steel, hence the 
latter is but slightly attracted by the most powerful magnets. When once 
effected, however, the separation is permanent, and the steel becomes a perfect 
magnet. 

Iron may be made magnetic by induction, in the same manner as electricity 
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was shown to be produced by inductioi^ If, for instance, a piece of iron be 
attached to the north pole of a magnet, its magnetism will be decomposed in 
such a manner that the south pole of Ae iron is at the point of. contact, and 
its north pole at the opposite extremity. On holding a small piece of iron to this 
end, it will be attracted, and likewise acquire polaric properties. Thus a small 
chain of little rods of iron may be form^, which will, however, fall -to pieces 
as soon as the first piece is no longer under the influence of the magnet. 

Steel becomes magnetic by being rubbed with a natural or artificial magnet. 
The north pole of a magnet is placed on the centre of a bar of steel and 
repeatedly dra\vn over it towards one extremity ; the other half is subjected to 
a similar treatment with the south pole of the magnet ; the bar is thus rendered 
magnetic, and only loses this property when strongly heated. 

As WQ do not view magnetism as a substance, but as a peculiar current pro- 
(X'-eding in a certain direction, it is obvious that an infinite number of magnets 
may be made by means of one artificial magnet, without the latter losing any 
of its magnetic properties whatever. 

If we assume the action of the magnet to be, like that of the galvanic pile, 
tlie result of an excitation of every one of its particles, the sum ofVhich appears 
to be collected at the two poles, it will not be a matter of surprise to find, on 
cutting a magnetic wire in half, that each piece will represent a perfect magnet, 
witli two opposite poles and an equator. The case is the same as if we took 
from the pile several or only one pair of plates, each of which forms a small 
battery, possessing all the main proj)ertics of the larger one. 

197. A steel knitting-needle, of uniform thickness, when suspended at its 
centre by a thread, will be in equilibrium, and occupy a horizontal position. If 
it be converted into a magnet, as described above, and again suspended, it will 
no longer appear to be in equilibrium : one end will exhibit a very perceptible 
downward inclination, just as though a weight were attached to it. The thread 
must be approached to the extremity of the needle that is inclined downwards, 
in order to re-establish the equilibrium. 

This experiment, together with the circumstance above mentioned, that the 
needle always points in one direction towards the nortli and south, lead us to 
the conclusion that some cause must exist for these phenomena. The earth f 
niay, in fact, be considered as a large magnet. Its magnetic poles are, however, ' 
not in exactly the same situation as the geographical poles ; hence its magnetic 
equator docs not coincide witli the central line of the earth. The magnetism 
of the earth imparts to the magnetic needle not only its direction, but also the 
attraction that alters its equilibrium. As the magnetic north pole of the earth 
attracts the south pole of the needle, the extremity of tlie latter that points 
towards the north should properly be called its mith pole. 

In pursuing the northerly direction indicated by the magnetic needle^ we 
should of course not ultimately arrive at the north pole of the earth, as its 
situation is not identical with that of the magnetic north pole. By extending 
in our imagination the direction indicated by the needle, we should obtain a 
circle round the whole earth, which is called the magnetic meridian. The latter 
intersects the meridian passing through the poles of the earth, at a certain 
angle, which indicates the aiAount of declinodion of the direction of the needle 
to the west of the true north pole. 

The attractive power exercised by the magnetic poles of the earth must be 
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very unequal at diflferent parts. If the compass be situated at the magnetic 
equator, its north and south poles will be attracted with equal force by the 
magnetic poljcs of the earth, and the needle will, therefore, occupy a perfectly 
horizontal position. On approaching the magnetic north or south pole, the 
compass will assume a certain inclination^ increasing proportionably as the dis- 
tance from the pole diminishes. The magnetic north pole has, in fact, been 
so nearly approached as to give to the needle a position almost vertical to the 
surfece of the earth. 


198. To the influence of the earth’s magnetism may, therefore, be ascribed 
the circumstance that objects of iron and steel become endowed with magnetic 
properties to a slight extent, when strongly rubbed, beaten, or stamped, par- 
ticularly if they are at the same time held in the direction corresponding to the 
declination and inclination of the needle. Thus, scarcely any inq^lement will 
be found in the workshop of a smith or locksmith, to which small iron filings 
or scales will not adhere. 

199. The reciprocal action between electricity and mag- 
netism is exceedingly remarkable. If a piece of iron, in the 
form of a horse-shoe, fig. 132, be wound round with copper- 
wire, and an electrical current then passed through the latter, 
the iron will exhibit the most powerful properties, 

which it loses, however, the moment the current is interrupted. 
If steel needles be employed in this experiment, they will 
become permanently magnetic. The conducting wires em- 
ployed in these experiments are wound round closely with 
silk^ in order that they may be insulated in coming in contact 
with each other, or with other metals, thus ])ormitting the 
current to pass in their interior in one direction only. 

On covering the ends of a non-magnetic piece of iron (fig. 133) with coils 
of wire, and imparting to the magnet a 6, which is placed below, a ra])id motion 
ai'ound its vertical axis, in such a manner as to cause the pides to a[)proach each 




end of the iion alternately, an electrical current will 
be established in the wire, by means of which all 
the electric phenomena already mentioned may be 
produced. 

If an electiical current be passed through a spiral 
coil of wire, suspended in sucli a manner as to be 
moveable round its vertical axis, the wire will assume 
the position of the magnetic needle, and exhibit all 
its characteristic properties. 

By this we prove the existence of an intimate 
reciprocal relation between the two kinds of currents, 
and this is termed electro-magnetism^ a force to which 


133. ^ ^^2011 attributed the cominou causG of these phe- 


nomena. 


The fact of a piece of iron being endowed with a high magnetic power, so 
long as an electrical current is allowed to pass through a wire coiled round it, 
as shown by fig. 132, has led to experiments having for their object the appli- 
cation of electro-magnetism as a motive power ; but hitherto no practical results 
have been obtained. 
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On the other hand, tlie application of electricity by contact to electric tele- 
graphs has become of the highest importance. The following observations will 
furnish an idea of the principle of this invention : — If the two ends of the wire 
wound round the horse-shoe-formed iron, are greatly extended so as to reach to 
a spot, at a distance of some miles, where a galvanic pile is situated, the piece 
of iron may be made alternately magnetic and non-magnetic, by closing the 
circuit of the battery or breaking contact. By this means, the horse-shoe may 
be made to attract, at intervals, a piece of iron placed close at hand ; the motion 
thus imparted to the latter may easily be communicated, by a proper mecha- 
nical contrivance, to an index moving over a disc, upon which are marked the 
letters of the alphabet. A certain position is given to the index, so that, for 
instance, it points- to the letter A on the first closing of the circuit, moving 
to B on the breaking of contact, thence to C by the second closing, and so on ; 
thus, by making and breaking cx)ntact the appropriate number of times, the 
index may be made to point to any letter, and words or sentences are thus 
telogi'aphed from one place to another. 

Electric telegraphs are constructed along railways : they combine the advan- 
tages of increased certainty and rapidity, over the old telegi'a])hs, with that of 
cheapness and of being perfectly unimpeded in their operations by night or fog. 

Thus as heat and light are most wonderfully associated together, so tliat one 
seldom appears unaccompanied by the other, and as every increased degree of 
heat leads to the production of light, so electricity and magnetism may likewise 
be more fre(|uently dependent upon each other, than experiments and researches 
have hitherto shown. 

The Northern Lights. 

200. One of the most brilliant nocturnal ])henomena, the Northern Lights 
(Aurorae borealos), apjiears to stand in connection with the magnetism of the 
earth, as a peculiar oscillation is imparted to delicate magnetic needles, on the 
ap])earance of a very powerful northern light, and as the latter is seen in a 
direction corresponding with that of the magnetic North Polo. This jdieno- 
menon of light has also been observed at the iSouth Pole ; but it most generally 
appeals in the direction of the North Pole, which is situated nearer to us and 
is better knowm. 

In its greatest brilliancy the Aurora borealis presents itself to us as an im- 
mense belt, consisting of fiery rays, and extending in a semicircle over the 
horizon, its extremities appearing to touch die earth. It exhibits the greatest 
variations in tluj brilliant changes of its colours, and the continued increase and 
disappearance of its rays. In the long dreary nights of the polar regions it 
difiiises over tlie spacious vault of heaven a thousand different lights of the 
most resplendent beauty. In our own part of the globe its yellowish-red ap- 
pearance has not unfrequently excited the terror and alarm of the ignorant" and 

superstitious, and even the more enlightened members of society have imagined 

the phenomena to be portentous of great events, and the harbingers of war, 
pestilence, and famine, whilst timid imaginations have sometimes shaped them 
into aerial conflicts. 

“ Fierce fiery warriors fight upon the clouds 
In ranks and squadrons, and right form of war.*’ 


Shakspeare, 
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' “Hail, mighty Sirius, monnr(;h of the Suns I 
May we in this poor planet speak with thee ? 

Say, art thou nearer to Ilis throne, whose noil 
Doth govern all things ? — Hast thou heard 
One whisper through the open gate of Heaven, 

When the pale stars shall fall, and yon blue vault 
15c as a shrivcdled scroll?” Siijoarneij, 

1. Astronomy is the science which treats of the heavenly bodies and of their 
motions. In reference to its object it forms a branch of Physics (comp. p. 53) ; 
l)ut the importance and tlie extent of astronomical phenomena demand for this 
science an independent consideration. The phenomena of motion exclusively 
arrest our attention. The laws on which these motions depend are precisely 
the same as those which are partly explained in Physics, in the doctrines of 
Equilibrium and Motion j hcncc Agtrouuniy has been, not unaptly, called by 
many the Mechanics of the Heavens (Celestial Mechanics). 

2. The scene on which the phenomena of Astronomy are represented is called 
tlie firmament, or the heavens ; and the objects that appear in this space or 
firmament are called the heavenly bodies, or more commonly stars. In the 
same manner as we have in § 2 of Physics defined space as something infinite, 
so we may consider the heavenly bodies as innumerable. This incomprehen- 
sible only partially unveiled, these immeasurable distances and immense masses 
of matter together with rapidity of motion equally i|>conceivabJe confer upon 
the phenomena of Astronomy, and consequently on the science itself, a great 
elevation and solemnity which do not belong to the other branches of Natural 
Science. 
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“ The survey of unlimited distances and of immeasurable altitudes, the view 
of the great ocean spread out at the foot of man, and the greater ocean, the 
canopy of the heavens, spread out over his head, liberates the spirit from the 
confined limits of tlie actual, and from the oi)pressive shackles of physical life.” 

Although in these words of Schiller we find the elevating character of astro- 
nomical phenomena efficiently represented, still we do not agree with what is 
maintained by many, viz., that Astronomy is the first and the noblest of all the 
natural sciences. To the natural philosopher to whom the whole extent of 
nature belongs, all the individual branches of science constitute the links of an 
endless chain, from which not a single link can be detached without destroying 
the harmony of the whole. Erroneous views regarding the growth of the most 
insignificant plant are, to the truth-seeking mind, as unworthy as the absurdities 
of the antiquated ideas of the motions of the heavenly bodies. 

^ 3. The science of Astronomy is greatly dependent on Mathematics. The 
relations of space, number, and time, are the important problems to be solved. 
How large and how far, or how long and how often ? These are the primary 
problems which this science proposes to solve. 

Only tlie science of Mathematics, and especially the higher branches of Geo- 
metry and Trigonometry are capable of answering these questions ; and it is a 
fact that the constant, progressive, and increasing demands of Astronomy have 
been the external propulsive cause to which mathematical science has been 
mainly indebted for its present high development. 

Although it is impossible to follow exactly the course by which astronomers 
have been able to establish the most important tniths of astronomical science, 
without a considerable knowledge of Mathematics ; still the discoveries made 
l>y the learned in the laborious way of calculation, and the laws tliat have been 
deduced therefrom, may be represented in simple terms, so as to be intelligible 
even to those whose knowledge of Mathematics is not very profound. 

Astronomy especially requires a frequent application of comparisons, in order 
to make her phenomena more easily comprehensible. It is manifestly difficult 
to form a conception of the magnitude of the earth, but it is still more difficult 
to imagine the exceeding vastness of the sun’s dimensions, at least a million of 
times larger than our globe. On the other hand, we can more easily estimate 
these relative magnitudes, if we represent the earth by a grain of millet, and the 
sun by a skittle-ball. But how can we form an idea of endless space, with the 
innumerable heavenly bodies moving therein ? This also may be compared to 
the space of a room, in which countless myriads of atoms whirl around each 
other as seen in one single sun-beam, which finds its way into the room. 

4, The history of Astronomy is as ancient as that of the human race. For 
thousands of years the same star-bespangled heavens, which now surround us, 
like m euorinoua canopy, have awakened die attention of mon and excited their 
admiration. We may here observe that the uncivilized tribes of the desert, 
and the nomadic inhabitants of the wide-spread steppes, watch the ]ihenomena 
of the heavenly bodies with more attention than the inhabitants of our cities. 
For to those the stars serve as time-piece, sign-post, compass, barometer 
and calendar, hence they*are compelled to direct their attention to the motions 
of the heavenly bodies ; whilst the inhabitants of more civilized countries are 
not under the same necessity. 

We are therefore indebted for a series of highly-important observations to 
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those of the ancients who, little advanced in science, but in the capacity of 
hunters and shepherds, were obliged £o contemplate the starry heavens iu order 
to determine the place and time. 

5. It cannot be disputed that a preference is to be given to Astronomy 
over all other branches of natural science, because it can be studied to a certain 
extent without the aid of many artificial means. As soon as the glorious orb 
of day has set the twinkling ^tars shine forth in the darkening firmament, the 
larger ones appearing first, and after a time the smaller succeed, until at last 
myriads of distant worlds appear as a beautiful canopy before the astonished 
gaze of man. The nocturnal starry heavens afford to every one an accessible 
field of observation, on which by attentive consideration many important 
phenomena may be beheld without the aid of any kind of instruments w'hat- 
ever. 

While the prosecution of natural philosophy requires a number of artificial 
and expensive instruments, and Chemistry, a large supply of materials and 
preparations, Astronomy merely requires her votary to elevate his eye to the 
firmament above him when he finds himself at once in the midst of celestial 
phenomena. 

If, however, one series of astronomical truths is so accessible there is a still 
more considerable number invisible to the unassisted eye. An accurate investi- 
gation of astronomical phenomena can therefore only be made with the aid of 
instruments, and the purchase and erection of these are attended with so con* 
siderable an outlay as to render personal observation accessible to a few 
individuals only. It is this fact whicli accounts for a certain degree of incom- 
pleteness of the astronomical knowledge of the ancients, and it was only from 
the time when art lent new powers to the eye, by the invention of the tele- 
scope, that the field of observation was widened, and by the continued improve- 
ments of the instruments the results of observation were rapidly accumulated. 

6. The evident influence of the sun upon the surface of the earth as the ani- 
mating source of light and heat, the remarkable changes of the moon in form and 
time of rising must, in earlier times, have given to these two luminaries a high 
degree of importance in the estimation of the ancients, of which the divine 
honours they received, are, in some measure, a convincing proof to this day. 
It was also natural to ascribe even to the smaller celestial bodies a relation to 
the earth and its inhabitants, although this is not so conspicuous as in the 
case of tlie former bodies. 

We can therefore easily conceive that, at a time when illusory concep- 
tions, in reference to the stars and their phenomena, were prevalent, another 
influence was generally attributed to them, namely, that they were intimately 
connected with the destinies of the human race. For every great event-, for 
every remarkable personage, for everything which the benighted and fettered 
mind of the vulgar could not rationally account, a solution and reasoi/ were 
sought in the stai's. 

Thus, it was this strange mixture of arbitrary assumptions, illusions, and 
errors, regarding the nature of the stars, that gave birth to Astrology, which 
for hundreds of years mystifled and perplexed instead pf enlightening and enlarg- 
ing the human mind. It was this, in connexion with superstition and knavery, 
that brought contempt and persecution upon science, and continually retarded 
its progress, until the human mind, based on unprejudiced observations, tore 
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asunder its shackles, and learned that the earth is truly a point of space, but 
not the central point : that the stars are independent worlds, not mere marks 
and signs for illustrating the destinies of the passing generations of this little 
earth. 

*1. In our endeavour to give in the following pages an exposition of the 
most important astronomical phenomena, we shall not accomplish our task 
without previously giving an explanation of a number of aids which this science 
requires in order to render its study more clear. Geometry is the branch of 
science from which most of these aids are derived, and if we assume them partly 
to be generally known a brief outline of this science is requisite to insure an 
adequate comprehension of the following. After we have in this manner 
become, in some measure, acquainted with the astronomical method of ob- 
servations, language, and expressions, we shall proceed to the consideration of 
those phenomena, which by day as well as by night are unceasingly displayed 
in the heavens. Hereby we shall acquire a true insight into the arrangement 
of the heavenly bodies, and be able to divest ourselves of the erroneous notions 
of former times. 

The subject is divisible into the following sections : — 

T. Aids to Astronomical Observation. 

IT. General Astronomical Phenomena. 

III. Special Astronomical Phenomena. 

I. AIDS TO- ASTRONOMICAL OBSERVATION. 


Angle. 


8. On a plane, a sheet of paper for example, we describe two lines a h and 
cd (fig, 1), which intersect each other in the point m; thus the plane is divided 
into four parts. 

Each of these parts is called an angle^ and the two lines, 
? by which each angle is contained or included, are its sides, 

I , and the point where they cut each other or intersect, is 
f j called the wrfea? of the angle. Thus a m and c m are the 

two sides of the angle a me. 

If we cut out with a pair of scissors the four angles 
^ situated about the point m, and on applying them to each 

other, find that they all are exactly of the same size, that 
is, that the four sections exactly cover each other, we call 
these angles right angles ; and in this case the lines a b and c d cut each other 
at right angles, or are perpendicular to each other. 

Again, if we consider fig. 2, we see at a glance that the lines a' 6' and c'rf' 


do not intersect at right angles, but that the plane is divided into four very 
unequ^angles. On cutting out and comparing one 
of these with an angle of fig. 1, it is evident that 
angle a* m*c\ fig. 2, is smaller than the right 
angle a me, fig. 1, and that the angle a'm'df' is 
S' considerably larger than a right angle. 


Angles which are smaller than a right angle 
are called acute, and such as are greater are called 
’ obtuse angles. Around the point m' there are the two acute angles a' m' c' and 
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as well as the two obtuse angles a'm'd! and d Hence we 

deduce, that round a given point no more than four right angles can be con- 
structed, and only three obtuse angles ; and, on the contrary, that an infinite 
number of acute angles may be formed round the same point ; and further, 
that of the four angles represented in fig. 2, the two opposite vertical angles are 
equal, and the two adjacent angles^ and unequal to each other, 

are together equal to two right angles. 

These relations are perfectly independent of the length of the sides which 
include the angle. For if we suppose that the lines ah and cd (fig. 1), or 
a' 6' and c' d* (fig. 2), are extended indefinitely, still the angles m and m' formed 
at the point of intersection, remain unchanged. 

9. The mutual inclination of the lines including the angle is always deter- 
mined by the magnitude of the angle. Thus the situation of a point in relation 
to a plane is partly determined, if we know the angle, formed by a line drawn 
from that point to any point of the plane. This principle renders the angle so 
exceedingly important, that it is capable of being employed as the key to the 
iiio.st important traths ; for a great part of the actual observations of astrono- 
mers are dependent on the study of angles. 

The next object is to determine the magnitude of the angle. 

"J'o determine the size of an angle the circle is employed. Suppose we 
describe a circle {pp gro) about the point of intersection m of the lines a b, 
c d, which cut each other at right angles, there is 
opposite to every one of the four right angles a 
curve-line or arc of a circle, which is exactly 
a fourth part of the circle; for example, over 
the angle a m c is the quadrant or fourth part ot 
the ciicumforence op. That the magnitude of 
the circle is indifferent, is shown by the dotted 
lines ; for o”p'' and o*p' are quadrants as well 
as op. 

The acute angle c mf is hence equal to half a 
right angle, because the arc by wliich it is sub- 
tended is an octant, the eighth part of a circle, 
and the obtuse angle a mjf is equal to one and a 
half right angle, because its subtending arc is equal to three-eighths of the circle. 

Thus we can very accurately determine the magnitude of an angle, when 
we state the portion of a circle which the arc of that angle forms. 

For this purpose the circle is divided into 360 equal parts, each of which 
is called a degree. And every degree is again divided into 60 equal parts, 
called rmnutes^ and every one of these again into 60 secoTids, 

Hence, when we speak of an angle of 90 degrees, we necessarily mgan a 
right angle, since 90 'degrees are the foufth part of die 360 degrees of the 
whole circle. Every angle less than 90 degrees is ^ acute angle ; and every 

ande of more degrees is obtese anglel "’ ^ 

' For accurafely measm a simple instrument called a protractor is 

employed, and this is generally made of brass. 

The protractor (fig. 4) is a section called a semi-circle, which is divided into 
180 degrtc^. If by this instrument we wish to measure the angles «mc, 
amfycmf^ and gmh^ we place the protractor so that the centre of the semi- 

M 3 




126 


ASTRONOMY. 


circle and the vertical point of the angle may coincide, and then read the 
number of degrees. We thus find that amc is equal to 90 degrees, and. 



4 . 


therefore, a right angle; that amf is equal to 135 degrees, and, therefore, an 
obtuse angle : also /m 6 is an acute angle of 45 degrees, or half a right angle ; 
and, finally, g m 6 is a very acute angle of only 5 degrees. 

In accurate mensuration, the minutes and even seconds of a degree are 
measured. The number indicating degrees is distinguished by a small cypher 
("^ ), the minutes by a dash ( ' ), and the seconds by two dashas ( " ) ; thus, 
for example, an angle = 90*^ 35' 16" signifies an angle of ninety degrees, thirty- 
five minutes, and sixteen seconds. 

10. Only a dmwn angle can be measured by the protractor. When an 
angle in which only imaginary lines intersect each other is to be measured, 
another instrument is employed. 

For example, if the angle formed by the lines extending from two distant 

steeples A and B, to the eye of the observer, where they meet in C (fig. is 

to be determined, the simplest 

f apparatus for this purpose is the 
angle instrument (fig. 6). This is 
constracted of a metallic ring, the 
rim of which is divided into degrees, 

3 and called the IMk In the centre, 

0, of this circle there is a pivot 
al^iit which a rod or bar, RR, 
5 . called the index-arm, revolves in 
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a similar manner to the hand of a clock.. The instrument is placed horizontally 
upon a small table, so that its centre, C, is situated exactly in the place where 
the lines drawn from A and 


B are supposed to intersect. 

The index is next di- 
rected to the part of the 
limb marked with 0°, and 
the instrument so adjusted 
that the point A may ap- 
pear to the eye in the same 
straight line as the index- 
arm. This is subsequently 
moved round the pivot till 
the pointB is in its direction, 
w^hich is the case if it has 




the position R'R'; in this manner the index-arm describes an arc which is 
measured on the graduated limb of the instrument, which in the present casii 
is 20° ; consequently the angle at C over which this arc is situated is 20°. 

This is the fundamental arrangement which we find with more or less 
variation in all astronomical instruments for measuring angles. 

It is evident that, according as the angle to be measured is either vertical or 
horizontal to the surfe.ce of the earth, “the circle of the instrument must be placed 
either parallel with or vertical to it. This latter position of the instrument must 
be adopted in measuring the angle formed by an imaginary line drawn from 
the top of a tower to a point on the surface of the earth with the surface. 

In cases where angles arc to b# measured, the extent of which does not ex- 
ceed that of a right angle, or an angle of 60°, it is more convenient to employ 
a quadrant or a sextant than an entire circle. 

'^Fig. 7 represents a quadrant moveable round the point E. AB is the 
limb, and C the centi’e of the quadrant. 

The instrament is so disposed that a 
telescope which is attached to one of g- 
its sides may be directed to a point 
in the horizon H, in the line H A, and ^ 
the other side, CA, may coincide 
with the line of the plummet P at- 
tached to G; after this adjustment 
the telescope is directed to the star 
S, when the plummet which rctaiua 
its vertical position marks off on the 
limb of the quadrant the number of ' 
the degrees of the angle, which a 
line drawn from the star to the ob- 
server makes with the horizon. 

The construction of angle instru- 
ments hsfe^now reached to such a 
high degree' of perfection, that an 
angle of one second, and even of half 
a second can be measured. The 
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angle of one second is but of ^ angle. To realize the idea of 

an angle so excessively minute as one second, we may suppose a line drawn 
from the upper and under side of a human hair to a point three feet distant : 
these two lines would contain an angle of a second. 

Circle. 

11. Suppose we fix a nail in a table, and attach to it a thread, and to the 
other end of the latter a black-lead pencil. With this we describe a line round 
the nail; keeping the thread equally stretched during the operation. A circle 
is thus described, with this essential quality, that every point in this line so 
drawn is equally distant from the point on which the nail is fastened, and 
which is termed the centre of the circle. A straight line drawn from the 
centre of a circle to a point of its circumference, such as is in the above example 
described by the stretched thread, is called the semi-diarmter^ or radius^ of the 
circle ; and it is evident that all the half diameters or radii of a circle are equal. 
If the radius is extended till it meet the opposite part of the circumference, it 

will form the diameter the circle, which is 
evidently the double of the radius. All 
diameters also of the same circle are therefore 
equal. (See fig. 8.) 
c = centre. 
ac = semi-diameter = 
ab = diameter = 2r - d, 
kil = arc of. the circumference. 
kl = chord. 
mn = seq|U3t. 
op = tangent. 

dn = circumference, n ~ 3*14. 

Any portion of a circumference, kil for 
example, is called an arc ; and the straight line h ly uniting its two ends, is 
called the chard of that arc, A line m w, cutting the circle in two ix)ints, is 
called the secant ; and a line o p, outside a circle, touching the circle in one 
point only, is called the tangent. The circumference is denoted by c? w or 2 r 
the Greek letter w representing the number 3*14, the circumference being 
3*14 times longer than the diameter. Suppose the lengtii of the diameter to 
be 4 inches, that of the circumference will be 4 x 3*14 = 12*56 inches. 

The superficial contents of the circle is equal to r r w, which shows that it is 
found by multiplying the semi-diameter by itself, and the product by the 
number 3 • 14. 

Sphere, 

12. Particular attention must be paid by the student to the sphere, which is 
a body with a convex surface, and every point of which is equally distant from 
a point within the sphere, called the centre. A straight line dmwn from the 
centre to any point of the surface is a semi-4iametery and the extension of this 
line to the opposite surface of the sphere is called the diameter. As in the 
circle, so also in the sphere, all the semi-diameters and diameters are equal. 

Let us suppose a sphere intersected by planes which pass through its centre, 
these planes will represent the great circle of the sphere, whose r^ius is equal 
to the radius of the sphere. 
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The superficial^ contertts of a sphere, or its superficies, is found by multiply, 
ing the superficies of one of its great circles by four, and may be expre^d 
by the formula 4wrr - ndd. The surfaces of two spheres have the same 
relative proportion to each other as the squares of their diameters. 

The cubic contents of a sphere are found by multiplying one-third part of tlie 
radius by the superficial contents, and may be represented by the formula 
^ ( 4^7 rrr) = (rrc^dd). The relative contents of two spheres of unequal 
magnitudes are to each other as the cubes of their diameters, or as their 
diameters three times multiplied by theniselves. 

It appears desirable to give some examples illustrative of the foregoing 
statements in reference to the circle and the sphere, and we adopt for both a 
diameter of 12 inches: — 

Diameter = 12 inches. 

Semi-diameter = r = 6 inches. 

Circumference = 12 x ir = 13x3*14 = 37*6 inches. 

Area of the circle = r x r x ^ = (5x6x3 *14= 113 square inches. 

Superficies of the sphere = 4 x (r x r x tt) = 4 x 113 = 452 square inches. 

Cubic contents of the sphere = (^ xOx4(rx»^Xv)= 2x 452 = 
904 cubic inches. 

The superficial contents of a sphere of 6 inches diameter and one of 12 inches 
diameter are, according to the above rale, as 6 X 6 to 12 X 12, or as 36 to 144, 
and their cubic contents as 6 X 6 x 6 = 216, to 12 x 12 x 12 = 1728. 



Ellipse. 

13. The ellipse and its properties are much less generally known than the 
circle. This is also a figure contained by a curve line, which is produced in the 
manner following; — Suppose two pegs fixed on a plane (fig. 9). A thread, 
longer than the distance between the jx^gs, is fastened 
by one end to the first peg, and by the other to the 
second peg. If we now stretch the thread by means 
of a lead-pencil and draw a line around the two pegs 
as wide as the stretched thread will allow, we de- 
scribe an oval figure which is called an ellipse. 

This figure has a long axis a h (fig. 10) ; and 
perpendicular to this a short axis de, passing through the centre c. The 
two points S S' are called the foci of the ellipse ; also, as is evident from the 
construction of the figure, any two lines drawn from 
the two foci, to any point of the circumference, for 
instance, S and S' m or S m! and S' m', &c., which 
represent the thread when the pencil is at m or w', 
are together equal to the larger axis of the ellipse. a [ — 

These lines, and we may imagine an infinite number 
of such, are called radii vectores. The distance of 
the foci S or S' from the centre c, is called the 
excmtridty of the ellipse. It is evident that the 
smaller the excentricity is, the nearer the figure 
approaches to that of the circle. The superficies of the ellipse is found by 
multiplying the two half axes, a c and d c, by each other, and this product by 
the number 3* 14. 




m 

4 

9 
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The ellipse has special claims on our attention, inasmuch as it is the path 
described by most of the heavenly bodies, as, for example, that of the earth 
which is nothing but an ellipse. 

Parabola. 

14. Another curved line, having peculiar properties, is the parabola. This 
figure is most easily represented by the aid of a cone, by 
which also several other curved lines, commonly called 
conical sections, may be represented. Thus, if we make 
diagonal sections of a cone parallel to the base, as, for 
example a 6, we obtain only circular planes ; but on the 
other hand, oblique sections through both sides of the 
cone, as a 6* and a d, form ellipses. If the cone is cut 
by a plane parallel to one of its sides, as in a e and m w, 
the plane obtained is circumscril)ed by an entirely dif- 
ferent curved line, namely, a parabola^ the peculiarity of 
which consists in the fact of its ends never meeting, as 

in the circle and the ellipse, but continually becoming more distant from each 
other, even if continued ad mfinitmu 

The orbits of some of the heavenly bodies are parabolas ; as, for example, 
those of several of the comets, which, consequently can never appear again, 
unless in the lapse of time they alter their direction. 

Mensuration. 

15. By Mensuration is understood the most accurate division of any line, 
surface, or space by a given measure. The result of mensuration informs us 
how many times this measure is contained in the object to be measured. 

In the Physical portion of this work (§7) we have given a comparative 
view of the smaller measures of length, and have assum^ the rmter as unit. 
This measure is obtained when the fourth part of a great circle, the plane of 
which cuts the earth at the poles, is divided into ten millions of equal parts. 
This measure bears to the English imperial yard the relation of— 

Meter. Yard, 

!• =1-093633 

0 • 91438348 = 1- 

Again, the circumference of the earth at the equator is divided into 360 
degrees. 

Distance — Diagonal Scale. 

\6. If we suppose one definite point in space determined, then every other 
point is distant from that assumed point ,• and the straight line which can be 
drawn, or which may be imagined to be drawn, from the one point to the 
other, is called the shortest distance, or simply their distance. As space is 
boundless, no measure and no number can limit distance. 

We speak of commensurable and incommensurable distances. The first are 
such as we can either measure directly by the application of a measuring instru- 
ment, or by calculation ; and different measures or scales are employed, accord- 
ing to the magnitude to be measured. Thus we express the distances of the 
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heavens by the distances of the stars, of the sun, and by scmi-diametcr of the 
eaith. We measure the surface of the earth by degrees, milts, rods, &c., md 
objects of less extent by feet, inches, and lines. 

Inc(mimnsurable distances are such as we can neither determine by our 
senses noi by oui instruments. For example, we say that the distance between 
one atom of matter and another is incommensuiably 
small, and the distances of most of the fixed stars 
and of the Milky Way inconimensmably great. 

All distances greater than the eye of sense can 
leach we bring within the range of our spiiittial 
optics by the powers of ini igination. But some- 
times even these aio insufiiciont, for the enormous 
distances of the heivenlv bodies are beyond the 
spheie of imaginati\e power 

In such cases the diagonal scah (fig. 12) is in 
essential means in aiding the imagination, since by 
the use of this mstiuraent we cm make diagrams 
which lepic-jeiit the same latios upon a plane 
which can easily be seen 

111 this instrument, constructed on mathematical 
principles, the lines A B, B C, &c , lepresent gnen 
spaces, as miles , A B is divided h} ten ])aiallel 
lines into tenths of a mile, and fiom these points, 

1, 2, 3, 4, &c., lines aio drawn to the right hand, 
diagonally to A', B', intersect the puallels 2\ 

3', 4', &c., m such a manner, that fiom t vrrv tenth 
of a mile, again the tenth ji ut is iiurkcd off. The 
marked-off section amounts to upon the parallel 
^*5 iV 2', to upon 3', to upon 9', so 
that by means of a compass, an> magnitude re- 
quired may be measurer I m miles, tenths, and 
hundiedth*- of miles. For e\amj)le, 2^ mile«r, or 
2*25, IS laid down fiom thescile, thus— place the 
one point of the compasses at Z, and extend the 
other to the point of intersection of the diagonal 
and the paiallel 6' at Z', and the 'jpace between 
the points of the comjiasscs coiiesponds exact!} to 
two entile miles two tenths and five hundudth 
pirts. A diagonal scale of this description is fre- 
(fuently appended to the bottom of the instrument called the proti actor, as in 
fig. 5. 

Anole op Visiov — Apparpnc and Actuai Magnitude 

17. In our Physical section we have shown that fiom e\eiy object that we 
see, rays of light penetrate the eve and form an image of the object upon the 
inner coating {tuntca leticulata) of this organ , on the magnitude of this image, 
made peiceptible to u& through the optic nerve, the apparent magnitude of the 
object depends. Let us suppose, for example, lines drawn from the two 
extremities a h (fig. 13) of an image formed on the retina corre^jponding to 
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the object, these lines intersect each other, and fonn the visual or optic angle, 

whose magnitude is dependent on that 
of the image on the retina. It may, 
therefore, be said that the apparent mag- 
nitude of an object is expressed by the 
magnitude of the angle of vision under 
which it appears. It is a general rule, 
tliat the greater the visual angle the 
greater is the apparent magnitude of an 
object. 

The magnitude ot the angle of vision evidently depends on two things, the 
first is tlie actual size of the object, and the second is its distance from the eye. 
And in reference to the latter this law is prevalent, viz., that tlie angle ot 
vision, under which an object is seen within certain limits, decreases with the 
increase of the distance of the object. The same object at double the distance 
will appear to have only half, and at three times the distance only a third ot 
the magnitude which it has in the single distance. ' ’ / . . ^ ; , 

For the same reason, the trees of two parallel rows appear to approximate 
more and more according to their remoteness, because their relative distance 
appears to the eye under a smaller angle. Illusions of different kinds depend 
on this principle; and wo have only by experience gradually acquired the 
habit of determining the distance of known objects by their apparent magni- 
tude. In the twilight, or in a fog, which renders the outlines of objects 
indistinct, a distant church steeple or a tree may easily be mistaken for a man 
close to us, or vice versa^ because the angle of vision of the lofty but distant 
object may appear the same as that of an object which is of less height, but 
nearc^r to the observer. 

Two consequences can be deduced from the foregoing principle, of the utmost 
importance in the science of astronomy, namely, first, when the apparent mag- 
nitude and the distance of an object are known, its actual magnitude can be 
determined ; and, second, when the actual and apparent magnitudes of a body 
are determined, the distance of the body itself can be ascertained. 

Dktekmination of Distance. 

18. Only short distances are in general measured by actual measurement 
with a rule or chain ; consequently there is no necei^ity for explaining this pro- 
cess, inasmuch as these practices are seldom employed, even in measuring large 
distances on the earth, and never applied in determining the distances of the 
heavenly bodies. 

Here we do not deal witli distances measured but reckoned. For this purpose 

W6 require from geometry some princi- 
ples regarding the similarity of triangles ; 
and a few laws from trigonometry. 

In fig. 14 we perceive between the 
sides A o and B e of the angle o, the 
par^lel lines a 5, a'b\ &c. It is evi- 
dent that these lines are the longer the 
farther they are distant from the angle o, 
14 . and it can be proved that a' h* is as many 
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times longer than a 5, as o c' is longer .than oc, and as many times as o a' is 
longer th^ o a, and as many times as o 6' b longer than o b. The same remarks 
apply to all the other drawn or imaginary parallels between the sides o A and 
0 B in relation to a 6, or between any two of these paralleb. Thus a* is as 
many times longer than (f 5^ as o a* is longer than o &c. 

This simple principle is applicable to the mensuration of perpendicular dis- 
tances or heights, as well as of horizontal distances. For example-^ 

Let a" 6" (fig. 1 5) be a tower, the height of which is to be ascertained. We 
first measure accurately a ground or base line 6'' u, then set up a stafi’ a b, over 
the top of which the eye can see the summit 
of the tower a”. Let a second staff* 6' be 
so placed between the tower and the observer 
that its top a' may appear to the eye in a 
straight line with a". By drawing a line 
connecting these four points, a", a', a, o, we 
obtain a diagram corresponding exactly to fig. 

14, and from the above principle, it follows 
that a" 6" is as many times longer than a* b* as 5" o is longer than 6' o. Sup- 
pose, for illustration, that a' b' is 15 feet high, and 5' o 30 feet long, then must 
also 5" be half as long as the measured base line. But this line is 120 feet, 
therefore the height of the tower is 60 feet. 

By the length of the shadows thrown by two objects, we can ascertain the 
height of the objects by which they are cast ; and this affords us a very simple 
method of determining the altitude of objects. For example, we measure a staff ■ 
fixed in the ground a' 6' (fig. 15), and also its shadow; we then measure the 
shadow of a tower 5" o. Hence, so many times as the staff is longer or shorter 
than its shadow, so many times is the height of the tower longer or shorter than 
the length of its shadow. 

We apply the same principle with suitable modifications to the determina- 
tion of the mutual distance of two j)oints (a' 6', fig. 16), which we cannot 
measure directly, as, for instance, when a w’^ood or lake 
intervenes. In this case it will be suflScient to ascer- 
tain the distance o b' in order to determine that of 
a' 6' as well as a' o. Let two staffs be fixed in the 
ground at the point a and b, which are in the same 
straight lines with a' and b\ and with the eye of the 
observer at o ; draw a b parallel with a' 5', find the 
measure of the triangle a b o, then as many times as 
0 V is longer than o so many times b d U longer than a 5. 

Trigonometrical Mensuration — (Measuring of Angles.) 

19. We occasionally find on certain elevated positions, as, for example, on 
the tops of hills and mountains,’ erections of wood or stone, of greater or less 
altitude, and an ihscription sometimes is added, importing that this is a trigono^ 
Toetrical station. It is generally known that such stations are employed to 
survey the surface of the country, and that the latter is by this means divided 
into a number of triangles, spread out like a net. These triangles being mea- 
sured, their sum gives the contents of the surface surveyed. 

It is difficult to convey to the iminitiated in mathematical science a clear 
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notion of the process whereby these surveys are made ; we will, however, 
endeavour to render it comprehensible. 

The angle A (fig. 17) is contained by the sides A B and A O. From the 
extremity B of the side A B, let a perpendicular B O fall upon the side A O. 

The line A B is supposed to be of an unchangeable 
^/:b' length, and hence it is called the constant^ and we 
assume that it is moveable round the point A. We 
I raise the constant A B till it occupies, for example, the 
I I position A B'. Thus we see that both the angle at A, 

A o^'o and also the perpendicular, let fall from the extremities 

17 . of the constant, must increase. The angle B' A O' is 

evidently greater than B A 0, and B' O' longer than B O ; this increasing line 
is called the dm of the given angle A. 

Again, let us suppose in the same angle A (fig. 18), that the side A O is 
invariable, and on the end O erect a perpendiailar 0 B, and extend it till it 

cuts the other side A B. As the angle at A is 
increased, so also is the perpendicular, which we 
call the tangent of the angle A. 

We hence understand that the sine and the 
tangent are two lines, which bear a certain 
relation to a given angle, and increase with the 
enlargement of the angle. It is easy to perceive 
that the tangent of the angle A is susceptible of 
a much greater increment than the sine, and a 
law has been discovered, and tngonometrical 
tables have been constructed, in which the proportion of the sine and tangent* 
to the constant of every angle is given. For example, if we look in the table 
for the sine of the angle of 30 , we find the number 0 ' 5 is given : that is, the 
sine of this angle is only half as great as the constant. 

From what has been above stat^, the important practical application is dear, 
ipz., that from the given magnitude of an angle and one of its sides, the sine or 
tlie tangent can be found, with the aid of the trigonometrical tables, as may be 
thus exemplified ; — 



18 . 



19 . 


Let it be required to determine the height of a tower 
O B (fig. 1 9). By previous admeasurement, the base A O 
is found h) be 430 feet, and the angle A 36®. O B is the 
tangent of the angle A, which by the tables is equal to 
0*7 ; that is, the tangent 0 B is 7-lOths of the constant 
A O, and 1-lOtli of 430 being equal to 43, 0 B is equal 
to 7 X 43 = 301 feet. 


Distance and Magnitude of the Heavenly Bodies. 

20. The methods which have been described in § 18 are never applied to 
measure vertical or horizontal distances on the suiface of the earth ; trigono- 
metrical calculations are always employed. These last are the only means 
possible for ascertaining the distances of the heavenly bodies. As in this case 
the semi-diameter of the earth is taken as the base line, the length of this must 
first be determined, which is done in the following manner Let us suppose 
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the earth to be represented by the circle- fig. 20, and two observers by a and a\ 
being distant from each other just the length of the arc a a', which by accurate 
admeasurement is known to be 138*2 miles. Each of these 
observers simultaneously takes notice of a fixed star, perpendicu- 
larly over his head s s', the two lines drawn from the star to the 
observers will, if extended, meet in the earth's centre and form the 
angle c. We cannot measure this angle, because the centre of the 
earth is inaccessible, the distance, however, of the fixed stars from the 
earth is so excessively great that it makes no perceptible difference 
whether the angle, formed by the lines uniting the two stars s and 
s' with the observer's eye, be measured from the centre or from 
a point c' on the surface of the earth. To employ an illustration 
— it is as of little influence as if a mite in the centre or on the surface of a 
millet-seed were to look at the summits of two distant mountains. Without 
sensible error, we therefore assume the angle c to be equal to the angle c', 
and measure the latter. If this is equal to 2®, we know that the arc a a', equal 
to 138 t*® miles, stands over an angle of two degrees, and consequently that 
miles = 1®, which for die whole circumference of the earth, amounting, 
as is known, to 360°, is 360 X 60 tii = 24,876, or more correctly, 24,897 
miles. But as (§11) the circumference of a circle is 3 * 14 times as great as its 

24897 

diameter, the diameter of the earth is consequently - =s 7929. 

21. If two persons, A and C (fig, 21), from different stations, observe the same 
point M, the visual lines naturally meet in the 
point M, and form an angle, which is called the 
angle of parallax. If the eye were at M, this 
angle would be the angle of vision, or the angle 
under which the base line A C of the two 
observers appears to the eye. The angle at M 
also expresses the apparent magnitude of A C when viewed from M, and this 
apparent magnitude is called the parallax of M, 

Let M represent the moon, C the centre of the earth represented by the 
circle, then A C is the parallax of the moon ; that is, the apparent magnitude 

the semi-diameter of the earth would have if seen from the moon. If the moon 

be observed at the same time from A, being then in the horizon, and from the 
point B, being then in the zenith, and the visual line of which when extended 
passes through the centre of the earth, we obtain, by uniting the points ACM 
by lines, the triangle ACM. 

Therefore, as A M, the tangent of the circle (§11), stands at right angles to 
the radius A C, the angle at A is a right angle, and the magnitude of the 
angle at C is found by means of the arc A B, the distance of the two observers 
from each other. As soon, however, as we are acquainted with the magnitude 
of two angles of a triangle, we arrive at that of the third, because we know 
that all the angles of a triangle together equal two right angles (180°). The 
angle at M, generally called the moon's parallax, is thus found to be 56 
minutes and 68 seconds. We know that in the right^ngled triangle MAC 
the measure of the angle M = 56' 68", and also that A C, the semi-diameter 
of the earth ss 3964 miles. This is sufficient, in order by trigonometry, to 





136 


XSTRONOMY. 


obtain the length of the side MC; that is, to find the moon's distance from the 
earth. A C is the sine of the angle M, and by the table the sine of an angle of 

56' 58" is equal to ^qqqq ~q 5 words, according to § 19, if we 

divide the constant M C, the distance of the moon, into 100,000 equal parts, 
the sine A C, the earth’s semi-diameter = 1652 of these parts. And this last 
quantity being contained 60 times in 100,000, the distance of the moon from 
the earth is equal to 60 semi-diameters of the earth, or 60 X 3964 = 237,840 
miles. 

In a similar way the parallax of the sun has been found = 8”, 6, and the 
distance of the sun from the earth to be 95,000,000 miles. 

22. Having ascertained the actual distance of the sun and moon, and their 
apparent magnitudes, their actual magnitudes may be thence readily calculated. 
Let us assume, for example, A C (fig. 21), to be the moon’s semi-diameter, and 
A M the moon’s distance from the earth, then A C will be the trigonometrical 
tangent of the angle M, if we make A M the constant. But now it has been 
found by observation that the apparent diameter of the moon, or the angle of 
vision under which it is seen by the observer at M = 31' 16". The apparent 
magnitude of the semi-diameter of the moon amounts therefore to 15' 38"; but 
the trigonometrical tangent of an angle of 15' 38" stands to the constant as 
454:100,000. As the constant A M is = 237,840 miles, we obtain for 

454 X 237840 

A C, = ^ QQ QQ Q ’ miles, and for the actual diameter of the moon, 

which is equal to twice A C, 2160 miles. In the same manner we calculate 
from the apparent diameter of the sun, which is = 32' 0" 88-lOOth, and from 
his distance the actual diameter at 882,270 miles. 

II. GENERAL ASTRONOMICAL PHENOMENA. 

(A.) THE EARTH. 

Figure. 

23. We presuppose the reader to have a general notion of the spherical form 
of the earth and heavenly bodies, and of their motions in space ; we, therefore, 
reserve the proofe for a subsequent portion of the work. 

The following facts are confirmatory of the spherical form of the earth. We 
can only see a very small portion of its sm’face from any station whatever ; if 
the earth were a plane, our extent of view would not be so limited as in fact 
it is. If we observe a ship receding from our sight on the apparently flat 
oceah, the first part which disappears is the hull, and lastly the masts and 
pcnnoui An exactly similar appearance is observed when a person walks up 
and over a hill, his feet disappear first and his hat last, and, vtce versa, in 
approaching our station his hat appears first. Voyages and travels by land and 
by water have shown indisputably that it may be travelled or sailed round by 
constantly proceeding from one point in the same direction, and that the tra- 
veller will at last arrive at the very place whence he set out on his journey. 
We frirther conclude, from the circular appearance of the earth’s shadow, as 
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seen in a lunar eclipse, that the body casting this shadow is spherical. Finally, 
by actual observation, we know that the other heavenly bodies are spherical.^ 

Notwithstanding the sphericity of the earth, the surface appears to us as a 
plane, this appearance being a consequence of its great extent. Even from 
the tops of mountains of 10,000 feet in height, the eye can survey only the 
l-4000th part of the earth’s surface, and hence this little space appears as a 
plane. 

Magnitude op the Earth. 

24. It has been already shown in § 20, that it is possible to measure a body 
even of so great magnitude as the earth. A tabular view of the relative ter- 
restrial magnitudes is given below. 

Diameter of the earth = 7 , 929 miles. 

Circumference = 24,897 miles. 

Superficial contents :± 197,408,788 square miles. 

Solid contents = 260,875,713,342 cubic miles. 

It is evident from these numbers, that the elevations on the surface of the 
earth, viz., the mountains, have no influence at all upon its general figure. 
Indeed, if we suppose that the earth is represented by a globe of 16 inches 
diameter, the highest mountains Avould resemble small grains of sand of rio 
inch in height attached to the surface of this globe. 

Division of the Earth. 

25. A skittle-ball rolling upon a bowling-green lias another motion in addi- 
tion to that of the course it follows. We perceive that the grains of sand 
adhering to its surface describe, according to their position, smaller or larger 
circles around two opposite jxiints of the ball, and \ve term the imaginary line 
passing through the centre of the ball and these points, tlie axis of rotation, or, 
briefly, the axis of the ball. 

It has been proved that the earth (fig. 22) likewise turns round an axis, N S, the 
two extremities of which are named the Pofos. The one, N, is called the North 
PdBy and the other 8 , the South 
Poh^ and the great circle AQ, drawn 
round the globe equally distant from 
tlie two poles, is called the Equator, 
as it divides the earth into two equal 
parts, viz., into the northern aiid 
southern hemispheres. 

The equator is divided into 360 
equal parts or degrees, every one 
of which, as Las been already shown 
in § 20, is 69 7*5 miles long. We* 
may imagine a circle drawn through 
each of these divisions round the 
globe, and passing through the 
poles, so that the globe appears 
encirded with 180 lings, of which 
we here can only represent a few — 
as 30, 60, 90, &c. These vertical 

n3 
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circles passing through the equator and the two poles are called Tneridians^ and 
of course have all the same magnitude. At the equator a meridional degree is 
69 miles long ; but, as is evident, this continually diminishes towards the 
poles, where they all meet. In reckoning meridians we commence at a certain 
point called the first meridian, as, for instance, at A (fig. 22), which was for- 
merly on the island of Ferro, on the west coast of Africa, then supposed to be 
the westernmost point of land. In England the meridional degrees are cal- 
culated from Greenwich. 

The distance of any meridian from the first meridian is termed the Longitude, 
and it is employed in describing the situation of a place on the earth’s surface. 
Suppose L (fig. 22) a city, its longitude will be 30°, since it lies on a meridian 
which is 30° from the first. So, for example, the longitude of Oporto is 8° 37' 
west, Paris 2° 22' east, Vienna 16® 16' east, Bagdad 44° 45' east, Surat 73® 7' 
east, Java 110° east, Mount Hecla 350° east, reckoned from the meridian of 
Greenwich, and so on until we return to the first meridian, or the point where 
we began to reckon. At the 180th degree we have proceeded half round the 
globe, and reached the farthest distance from the first meridiaii, and are now 
on the opposite side of the earth, and proceeding farther we ultimately arrive 
at the point whence we started. 

26. It will readily be perceived that a knowledge of the longitude alone. is 
not sufficient to determine the situation of a place on the earth’s surface. When 
we say, for example, that the longitude of a place is 30°, it may lie on any 
point whatever of the whole hemisphere, N L S (fig. 22). This point must 
therefore be determined more accurately, and hence the first meridian is divided 
into 90 equal parts north and south of the equator towards the poles. These 
are called degrees of latitude, and the lines drawn through these round the 
globe, parallel to the equator, are called circles or parallels of latitude, and 
diminish as they approach the poles. 

Hence, by the latitude of a place we mean its distance from the equator 
towards the jioles, and we speak of north and south latitude according as the 
place is situated in the northern or southern hemisphere. 

So, for example, the point L (fig. 22), which has 30° longitude and 60° north 
latitude, is in Sweden. 

For greater precision, these degrees of latitude and longitude are farther 
divided into minutes and seconds. These divisions of the earth’s surface are 
made very intelligible by means of a ball, whereon the principal lines above 
mentioned and the outlines of the continents,' as well as some of the most im- 
portant places are marked. An arrangement of this description is called a 
terrestrial globe. 

By way of example we give the longitudes and latitudes of several places in 
theifollowing table : — 



I^ACB. 

Lonritude 
from Londtm. 

Ijongitude 
from Ferro. 

North 

Latitude. 



London ----- 

0^ 0' 

18^ 6' 

51"^ 31' 



Athens ----- 

23 52 East. 

41 32 

38 5 



Augsburg - - - - 

10 17 ,, 

28 33 

48 21 ; 



Berlin ----- 

13 26 ,, 

31 3 

52 31 1 



Cologne ----- 

6 29 ,, 

24 35 

50 15 
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Plage. 

Lon^tude 
from London. 

Longitude 
from Ferro. 

North 

Lutitude. 

Constantinople . - - 

28’ 

53^ East. 

46’ 36' 

410 

V 

Darmstadt - - - - 

8 

9 



26 

15 

49 

56 

Frankfort-on-the-Maine - 

7 

55 


26 

1 

50 

7 

Gdttingen - - - - 

9 

30 

i 9 

27 

36 

51 

32 

Hamburg - - « - 

9 

32 

9 9 

27 

38 

53 

33 

Konigsburg - - - - 

20 

4 

9 9 

38 

U) 

54 

43 

Leipzig ----- 

11 

55 

9 9 

30 

1 

51 

20 

Mannlieim - . - - 

2 

1 


20 

7 

49 

29 

Munich ----- 

11 

8 


29 

14 

48 

8 

Paris ------ 

2 

25 


20 

0 

48 

50 

Petersburg - - - _ i 

30 

19 


47 

59 

59 

56 

Prague ----- 

14 

15 


32 

5 

59 

5 

Rome r - - - - - 

12 

32 

, ) 

40 

38 

41 

54 

Riga ----- - 

23 

41 

y 9 

41 

47 

56 

57 

Stralsund - - - - 

23 

6 


41 

1-2 

54 

19 

Vienna ----- 

16 

28 


34 

2 

48 

12 

Worms - - - - -i 

7 

55 

99 

26 

1 

49 

38 


(B.) DIVISION OF THE HEAVENS. 

27. The earth is the station from which the eye of man beholds the Uni- 
verse. We might presume, without any precise knowledge of astronomy, that 
many things would appear under a difterent 
aspect if the eye beheld them from the moon 
or the sun, or from one of the most distant 
stars. Therefore, we must divide the firma- 
ment suiTounding us, and define the particular 
points, lines, and spaces in the same, without 
which it would not be possible to describe the 
phenomena occurring in it with any degree of 
precision. 

The spherical form of the earth does not 
admit of a top and a bottom, and hence every 
observer assumes that his station is the highest. 

Let us suppose, for example, that we are sta- 
tioned on the point o of the earth’s surface (fig. 23) ; an inhabitant on the 
opposite point is under our feet ; but an inhabitant of the earth at o' would 
liave as good a reason for considering himself as over us. 

From the station of the observer at o let a line be drawn perpendicularly ; 
if this line be prolonged indefinitely through the centre o of the earth to the 
point Z, which is over the observer’s head, and to the opposite point Zf, the 
former Z will represent the zenith^ and the opposite point Z' the nadir of the 
observer. 

Let us suppose one of the heavenly bodies, for example tlie sun, in the 
station Z, we say that such body is in the zenith of the observer at o. But 
tlie heavenly bodies at die nadir Z' cannot, of course, be seen at the same time 
by the observer. 

28. If we look from o on the starry vault of heaven, the stars glittering in 
it appear to the eye as if all were equ^ly distant. We have an impression of 


z 



23. 
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being surrounded by an enormous dome, on the inner ceiling of which the stars 
appear to be attached. The apparent firmament which surrounds the earth is 
represented by Z H' Z' H Z, and the distance from o to Z is to be assumed as 
infinitely greater. It is further to be noticed tliat, in consequence of an optical 
deception, the concave heavens do not appear hemispherical, but rather flattened, 
as the dotted line indicates. 

Apparent and Real Horizon. 

29. If the observer, instead of surveying the firmament above him, looks 
around over the surface of the earth, he appears to be bounded on all sides by 
a circle, of which he himself is in the centre. This appearance is represented 
more completely when the point of observation is on the smooth, open sea, or 
on an elevated point as the summit of a mountain. The circle which limits 
the view on all sides is called the visible^ or apparent horizon^ and meets, and 
apparently supports, the vaulted arch of the heavens, which seems to rest 
thereon. It has already been stated that the eye cannot see more than 1 -400th 
part of the earth’s surface from the top of a mountain 10,000 feet high, and 
from a height of 25,000 feet, the greatest elevation yet reached by man, the 
semi-diameter of the circle of vision amounts to 198 miles. 

From the summit of a mountain (fig. 24), at . the base of a tower, we per- 
ceive the distant point P as distinctly as from the top of the tower. The 

altitude of the latter is too little to 
have any perceptible effect on the ap- 
pearance of a far-distant object, or to 
extend the range of our vision. For 
observing proximate objects, the height 
of the tower has an influence, as is 
proved by the point P', being visible from the top of the tower, but not from 
its base. 

The distance of the nearest of the heavenly bodies fix>m the earth is so enor- 
mously great that it is immaterial from whatever part of the earth, whether 
from its surfece or from its centre, they be observed. The semi-diameter of 
the earth o c (fig. 23) is, compared with those immense distances, an insignifi- 
cant magnitude ; and it is certain that an observer, whom we may suppose to 
be stationed at the centre of the earth c, can see no larger a portion of the 
heavens, than he who is situated on its surface at o. Indeed, a star at H' is just 
as visible from o as from c, hence a plane H' c H, which cuts the earth through 
the centre perpendicularly to another, cutting the earth through the zenith and 
nadir (Z Z’) of the observer at o, will be the true horizon of the observer at o. 
This plane, which divides the heavens into two equal portions, the one above 
and tlie other below the horizon, is the Jtorizon of Aetroiumy, It is evident 

tbat objects below the horizon arc invisible. 

Apparent Motion of the Heavenly Bodies. 

30. When we are moved or carried with a considerable velocity, as, for 
example, in a railway carriage, it appears to us that all the objects which we 
pass, contiguous to the line of motion, are moving rapidly in an opposite di- 
rection. That this motion is only apparent is so well known that it would 
scarcely deceive a child. 
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We daily experience, however, a similar illusion, in consequence of the ro- 
tatory motion of the earth around its axis. It appears to us that we are at rest 
in the centre of the vast concavity of the firmament, which, with its stars, seems 
to revolve round the earth. This was indeed the opinion prevalent for thou- 
sands of years, and there was no little difficulty in establishing the correct 
views. 

We shall, however, in our consideration of celestial phenomena, treat the 
subject in the first instance as if the earth was really the fixed centre of the 
firmament. Therefore, whenever the rising or setting of the sun or stars forms 
the subject of description, such motions are to be understood as only apparent. 
In common life all the expressions regarding apparent motion have been 
retained, and the greater part of Astronomy consists, as it were, in the trans- 
lation.of apparent celestial phenomena into the actual. 

31. The attentive observation of the starry heavens, even during a single 
night, will convince us that all the visible stars describe circles which are 
tlie smaller, the nearer the stars are to a certain 
point of the heavens P (fig. 25). In close 
proximity to this point there is a tolerably 
bright star called the Pole Star^ which has 
scarcely any motion, but appears to the eye as 
always occupying the same position. Hence a 
line PP' drawn from this star, through the 
centre of the earth c, represents the axis around 
which all the heavenly bodies perform their ap- 
parent motions. The part of the celestial axis 
PP' passing through the earth, is the earth’s 
axis ; the north pole, of which p is on the same 
side as the pole star, and the south polep' is 
on the opposite side. 

We have, therefore, by the aid of the stars, determined the position of the 
earth’s axis, and by this latter we can assign to the equator its proper place. 
For ifpp' be the earth’s axis, a q' is the greatest circle drawn round the earth, 
equally distant from both poles, and the plane of which cuts the earth’s axis at 
right angles. 

Furthermore, let us suppose the plane of the equator to be extended till it 
reach the celestial concave ; we thus find the place of the celestial equator A Q, 
or equirwetied^ as it is generally termed in opposition to the equator, which 
always means the terrestrial equator. The equinoctial divides the heavens into 
the northern and southern hemispheres. We cannot actually describe the 
equinoctial and make it visible, but we can imagine its line of direction by ob- 
serving those stars through which it passes. 

Wc aie now in a condition to assign to an observer difierent stations in re- 
lation to the earth’s axis on the earth’s surface, which will essentially modify 
the tispects under which celestial phenomena are represented. One of tliese 
stations may be sup|X)sed to be at one of the two poles, for example, at p, or 
at any one point of the equator, as at a, or, finally, on any portion of the surface 
of the earth which lies between the pole and the equator, as, for example, o. 

As the last is the station naturally occupied by most observers, and by all 
Europeans, we will first describe the phenomena as they appear to an obseiver 



142 


ASTRONOMY. 


placed at the station o (Rg. 25). This is 50*^ from the north pole^ and corre- 
sponds to the latitude of Frankfort and Central Germany. 

Diurnal Phenomkina. 

32. If, on the 21st March, a little before six o’clock in the morning, we look 
towards the brightest part of the horizon, we perceive at the point O (fig. 26) 

the of the sun. We call the exact 

point where this phenomenon occurs, the 
Uast, and that point W, of the horizon di- 
rectly opposite, and distant 180® from the 
East, we call the West, If we turn our 
back to the East and look to the West, the 
point of the horizon on our left, distant 90® 
from the West, is the South, H, and the 
point opposite, on the right is the North, H'. 

These four points are called the cardinal 
points, and the straight lines which unite two 
opposite cardinal points intersect each other 
at right angles in the centre of the earth. 
The line H H' which unites the north and 
the south is named the meridian, 

33. The rotation of the earth round its axis is in the direction from West 
to East, contrary to the apparent motion of the sun and stars. Consequently 
we see the sun, after his rising at 0, progressively advancing more and more in 
the direction of the arrow towards the meridian in an arc which cuts the horizon 
in the point of the angle 0 A W (fig. 26), which is called an oblique arc. In 
this manner the sun finally reaches the highest point A of the heavens, which 
is called the point of culmination, and the time at which this takes place is 
called mid-day. From this instant we perceive the sun progressing in the di- 
rection of the second arrow, descending towards the horizon, and disapfiearing 
or setting in the west iK)int W. While the sun is above the horizon, his 
dazzling brightness illumines the surface of the earth and the atmosphere above 
the observer, in such a manner as to outshine all the other heavenly bodies, and 
to render them invisible. The period elapsing between the sun’s rising and 
setting we call day, and the arc O A W, which the sun describes, the diurnal arc. 

As soon as the sun has set the day is terminated ; the twilight appears, and 
is succeeded by night, which veils the earth in darkness. The concave vault 
of heaven is then bespangled with the gradually emerging stars, sometimes ac- 
companied by the moon, the light of which considerably diminishes the dark- 
ness of the night. The arc W Q O, which the sun describes under the horizon, 
is named his nocturnal arc. At Q he reaches his lowest point, which is called 

Ms inferior culmnatm. 

The time which the sun requires in this manner to describe his apparent 
motion from O to A W Q, and back again to O, is termed a mean solar day, 
or, briefly, day, and is divided into 24 hours. 

By inspecting fig. 26, we perceive that the sun’s course through the diurnal 
and nocturnal arcs O A W Q O on the 2lst of March, is the same lino 
which we already (§ 31) have described as the equinoctial, or celestial equator : 
on this day the sun therefore passes through the equinoctial. We also know 
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that the diurnal arc 0 A W is equal to .the nocturnal arc W Q 0, and, con- 
sequently, that both day and night have an equal duration of 12 hours each. 
The period when this phenomenon occurs is called the vernal equinox. 

The duration of the day and night, it is well known, varies considerably in 
the course of the year ; therefore the sun during the whole year cannot remain 
on the equinoctial. Some weeks after the vernal equinox, the sun appears to 
the observer at o at mid*day some considerable distance higher above his horizon 
H H', and nearer to the pole P, and he continually approximates to the pole 
till the 21st of June, when he reaches his greatest altitude at S', which is then 
234-° above the equinoctial. It is evident that on this day the diurnal arc 
described by the. sun is longer tlian his nocturnal arc, and, consequently, the 
day is considerably longer than the night Therefore, on the 21st of June we 
have the longest day, and the sun is said to be in the summer solstice. 

From this day, the arcs described by the sun again gradually approach the 
equinoctial A Q, which ho enters on the 22nd of September, and we have 
again equal day and night, or the autumnal equinox. From this time, the 
southern distance of the sun from the equinoctial gradually increases, his diurnal 
arc, becomes smaller and smaller, and the days consequently* shorter and 
shorter, till, on the 21st of December, he has arrived at tlie winter solstice^ 
when we have the shortest day. From this point the sun again daily ap- 
proaches the equinoctial, to which ho returns on the 21st of March. 

The time which elapses during these observations, and which is employed 
by the sun in ascending from the equinoctial to the highest point* S', and 
in descending to the lowest point S, and, finally, again entering the equi- 
noctial, is named a year, and is exactly 365 days, 6 hours, 48 minutes, and 
48 seconds. 

We also see that the sun, to an observer at o, does not rise and set every 
day in the same point of the horizon, but that, while the days increase, the sun 
rises and sets at a point more northerly towards H', and more towards the 
south H, when the days decrease. The point O where the sun rises at the 
equinox is also termed the vernal point. 

The Ecliptic, 

34. From what has been previously said, it is evident that the sun has a 
twofold apparent motion, viz., a circular motion obliquely ascending from the 
horizon, wliich is explained by the rotation of the 
earth, and by our position o to the earth's axis p p\ 
and also by a rising and setting motion l)etween 
the solstitial points S and S', which causes the 
inequality of the days and nights. Indepen- 
dently of the daily motion of the sun, we observe 
that at the summer solstice on the 21st of June, 
at raid’day, the suii ia at 8', and one half year 
later, viz., on the 21st of December, at midnight, 
the sun is at &•, from which he arrives again in 
the space of half a year at S'; so we are able 
to represent this annual motion of the sun, by a 
circle, the diameter of which is the line S' s. 

This circle is called the Ecliptic* 
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The plane of the ecliptic S' s cuts the plane of the equinoctial A Q at an 
angle of 23^®, and the axis of the ecliptic S'" s" makes the same angle with the 
axis of the heavens P P. The two parallel circles, S' s' and S s, include a 
zone, extending on both sides of the equinoctial, and beyond which the sun 
never passes. These circles are called the Tropics^ from rpiirut, J turn, because 
the sun turns back at these points and again approaches the equinoctial. The 
parallel circles S" s", and S'" s'" described by the poles of the ecliptic S'" s" 
about the celestial poles P P, are called the two arctic circles, 

* 

Nocturnal Phenomena. 

35. The stars, as well as the sun, in describing their courses in the heavens, 
reach an upper point of culmination (S A S' S", fig. 27), and a lower point, 
which is situated upon the opposite side of the celestial s})here. But we can 
actually perceive both these i)oints of culmination only in such stars which, as 
S", are closer to the pole, P. These stars never set to us ; and in the vicinity 
of the north pole they may be seen by day, for example, when the sun is 
totally eclipsed. The more distant stars. S' A S, complete their daily course 
partly under the horizon, conseciuently, they rise and set. Some, which are 
very remote from the north jiole, barely rise above the horizon, and s])eedily 
disappear. Finally, those nearer the south pole, as S'", describe their revolu- 
tion round about the pole without being at any time visible to the observer 
at 0 , We never find the fixed stars, like the sun, change their position rela- 
tively to the ec^uinoctial and the poles. A star on the ecpiinoctial at A to-day, 
will describe, every following night of tlie entire year, its course on the equi- 
noctial ; and all the other stars are subject to this general law, for example, we 
find S S' S" the whole year through, and, at the same time, always in the 
same relative position. 

36. Very difierent celestial phenomena from the above-described, are, how- 
ever, observed when the ])lace of observation is at the equator, or at one 
of the poles of the earth. If we sup|)ose our station to l>e at the -north pole, p 
(fig. 28), the pole star will necessarily be in the zenith Z, and the plane of the 

horizon will coincide with that of the equinoctial 
A Q. When the sun is above the horizon, he 
describes a circle round the horizon without setr- 
ting. The stars S S' likewise describe circles 
which are parallel to each other and to the 

horizon A Q, and honca to the observer at p 

they neither rise nor set. 

As will be afterwards shown, the sun is for 
half the year constantly above the horizon of 
those who live in the vicinity of the north pole, 
and the day is consequently six months long. 
The night which follows is of equal duration, 
the sun being under the horizon, and then the 
sun is visible at the south pole during a period of six months. 

37. If an observer is placed on the terrestrial equator at the point a (fig. 29), 
the earth’s axis p jp' being extended, its extremities will lie in the horizon 
P P' of the observer. Wliilst the pole star at P' in the horizon appears immove- 
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able, all the other stars, for example, S/ S', Z, S", S'", rise in a perpendicular 
direction over the horizon P P', and describe 
semicircles above it. The sun also there rises 
and sets perpendicularly to the horizon. Hence, 
it is evident that the lengths of every arc de- 
scribed above the horizon arc equal to those 
described below it, therefore at the equator the 
sun and the stars are visible as long as the time 
during which they are invisible, consequently 
the days and nights have an equal Juration of 
12 hours. 

Polar Altitude. 29. 

r38. The distance of the north yx^le P (lig. 30) from the horizon H' of an 
ol’. server is called the altitude of the latter. 

So, for instance, the polar altitude, viz., the 
height at which the pole-star at P appears to an 
observer at 0 , is expressed both by the arc P H', 
and also l)y the angle C H'. 

By equatorial altitude is meant the distance 
of a star at A on the equinoctial from the hori- 
zon li of the observer, and is expressed both 
l)y the angle A C H, and also by the arc A H. 

The arcs of the polar and e([uatorial altitudes 
of one and the same place make together always 
an arc of 90^, that is a quarter of a circle, or a 
quadrant. In London, for example, we see the 
pole-star is elevated to an angle of 51° 30' above 
the horizon, which elevation we call its altitude. If we subtract this number 
from 90°, we find that 38° 30' is the equatorial altitude of tlie place. Since 
the place does not change its relative position on the surface of the earth, the 
polar altitude remains always the same, that is, the pole-star is always at the 
same height from the horizon. 

On the other liand, an observer can change his position on tlie earth. If, for 
example, he advjinces in the direction from 0 to p, the pole-star is morjp. and 
more elevated to a greater height above his hori- 

zoii, or, ill Other words, the polar altitude of the 

observer is increased in the same ratio as the 
equatorial altitude is diminished. 

If he reaches p, viz., the north pole, his polar 
altitude is 90°, and the pole-star is in his zenith, 
whilst the ecpiator coincides \vith his horizon, 
and consequently the equatorial altitude is zero. 

(See fig. 28.) 

If, on the contrary, a journey be made in an 
opposite direction from 0 towards the equator a, 
the pole-star gradually descends towards the 
horizon, consequently the polar altitude continu- 
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ally decreases in the same ratio as the equatorial altitude increases. When the 
traveller has arrived at the equator a, the polar altitude is = 0°, and the }X)le- 
star appears in the horizon, whilst the equinoctial is in his zenith. (See fig. 29.) 

It is easily understood that the polar altitude, or the equatorial altitude of 
a place, is the same as we have already explained in § 26 to be its latitude^ 
namely, the distance of it from the equiitor. 

The fact that the polar altitude of a star increases or decresises, according as 
wo approach the equator, or the north pole, is a striking proof of the spherical 
form of tlie earth. 


Altitude of the Stars. 




er?'* -v, 





159. By the altitude of a star we understand its distance from the horizon of 
an observer. To express this alt'tude, vertical circles are employed, Z li and 
2 Z R' (fig. 32), which are supposed to be drawti 

from the zenith tlirough the stars S and S' per- 
pendicularly to the horizon H H'. The arcs S R 
and S' R' are therefore the altitudes of the stars 
S and S' for the observer at o. The arcs S Z 
and S' Z, which with the altitudes of the stars 
S and S' make the quadrant or 90^^, are called 
the zenith distance of these stars. 

To define accurately the position of a star in 
reference to the horiibn, the whole space from 
H south to H' north, is divided into 180°, and 
the distance of the circles of altitude of a star 
from the south poiiit, expressed in degrees, is 
called the azimuth of this star. Thus the azimuth of the star S is the arc R H 
= 120°, that of S' is the arc R' H = 150°. All stars that are on the same 
verticle circle have evidently the same azimuth ; and, according to the side of 
the heavens on which the star is, the azimuth will be named cither east or 
west. 

The same star will appear at different altitudes if observed from different 
])oints of the earth at the same time. Consequently, if the altitude of a star at 
a given place and time is known by a voyager, he can, from tlie altitude of the 
same star observed from another place, find the situation of the position he is 
in. The determination of the altitudes of the heavenly bodies is of the utmost 
imj)ortance to seafaring men, who at an early ])eTiod of their lives are trained 
tr> make these observations with accuracy and despatch. 


32 . 


Meridian. 

40. If we suppose the circle ZH'Z'HZ (fig. 33) drawn through the 
zenith Z, and the nadir Z' of the observer at o] and also through the celestial 
polos P and P', this circle will represent the meridian or rmn circle of the 
observer at o. This circle is so termed from the circumstance already stated 
(§ 33) that the observer has mid-day or noon when the sun enters it. At this 
moment the sun reaches his highest or culminating point ; and when a star, or 
when several stars (for many stars may be supposed on the arc H A Z P), 
appear on the meridian, we name this their point of culmination. 
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In the diagram (fig, 33) the meridian is the only one of the celestial circles 
which lies in the plane of the paper, while the horizon, the equinoctial, and 
the vertical circles are to be imagined as project- 
ing from this plane, which position, is not easily 
represented. The plane of the meridian cuts 
the horizon of the observer at right angles in 
tlie line H H', which has been already described 
(§ 32) as the meridional line. And as the 
polar altitude and the horizon are different for 
every place on the earth’s surface, so every place 
has its own special meridian. 

If, for instance, the observer at o, while con- 
templating the aspect of tlie nocturnal starry 
firmament, turns his back to the pole-star P, 
and looks exactly towards the south point H, he 
has thus placed himself in the direction of his own meridicn. If in this 
position he observes a star which is on the meridian, this star by the rotation of 
the earth after some time will not remain on the meridian, but appear as 
proceeding towards the West, while other stars have entered the meridian. 
If the time of transit of a star through the meridian has been noted by the 
observer, he will find it on the meridian again exactly 24 hours afterwards. 

On an artificial celestial globe the meridian is represented by a brass ring, in 
which the globe is moveable. 

It is difficult to determine exactly by the eye the precise place of the meridian 
in the heavens. For more accurate observations a telescope is employed which 
is moveable around its small axis, so careftilly adjusted that its longitudinal axis 
lies in the direction of the celestial meridian. Through this instrument the 
stars can be seen only during their transit through the meridian, and hence an 
instrument of this kind is called a meridian telescope or transit instrument. 

41. All the lines and points hitherto named give the station of a star only 
for a definite place on the earth’s surface. For the determination of a star’s 
precise position in the heavens, other lines are drawn which always preserve 
the same place relative to the same star. 

The eejuator is such a line. This indicates first of all whether a star is 
on the northern or southern hemisphere. Through the equator, commencing 
at the vernal equinox O, 180 circles are drawn 
which divide it into 360®. The distance of 
any such circle from the point O, is called the 
right ascension of a star which has its place 
in that circle. For example, the arc OD of 
30®, and O D' of 60®, are the right ascensions 
of the stars S and S'. 

The distance of a star from the equator 
is called its declination, which is either North 

or South. The arcs D S and D' 6' express the 
northern declination of the stars S S', Hence 
all those circles drawn through the equator, 
viz., PDP' and PD'P' are called circles of 
declination. 
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It may hence be observed, that the right ascension and declination of a star 
being known, its position on the celestial globe is readily found, in the same 
manner as places arc found on the terrestrial globe by the longitude and latitude. 

Celestial Globe. 

42. We have in the preceding section named and described such a consider- 
able number of points and lines, that it appears desirable to give a connected 
view of them. It is always difficult, and, in some cases, impossible, to repre- 
sent those points and lines on the heavens, without some such aid as that which 
is afforded by a celestial globe. This may be obtained at every mapseller’s 
from 4 to 36 inches in diameter, and at prices varying, according to the size 
and construction, from 5s. upwards ; and though the larger are preferable, a 
very clear apprehension of astronomical phenomena may be acquired from the 
smaller-sized globes. 

The best construction of a celestial globe would be that of a smaller ball 
which represents the earth, surrounded by a larger hemisphere representing the 
concave vault of heaven on which the stars and their courses might be described. 
Such a mechanical contrivance being impracticable, the student is to remember 
that his position is supposed to be in the interior of the globe upon a small 
terrestrial globe. 
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43. Points and Lines on THft Celestial Globe. 


Z Zenith of the Observer (§ 27). 

P North Pole (§ 31). 

P' South Pole. 

S' South (§ 32.) 

N North. 

O East. 

(West, being opposite, is invisible.) 
ee Northern Tropic of Cancer ({ 34). 

K K Southern Tropic of Capriconi. 

Northern Arctic Circle. 

7*' Southern Arctic Circle. 

M Meridian of the Observer (§ 40). 

T Horary Circle (§ 152). 

P H' Polar Altitude of the Observer (§ 38). 


A H Equatorial Altitude of the Observer 
(§ 38). 

P P' Celestial Axis (§ 31). 

AQ Equinoctial (§ 31). 

HH' Horizon (§ 29). 
e K Ecliptic (§ 34). 

S Star. 

S R Height of the Star (§ 39). 

S Z Zenith distance of tlie same (§ 39). 
JlH Azimuth of the same (§ 39). 

S D North declination of the same (§ 41). 
D A Right ascension of the same. 

S P Polar distance of the same. 


The celestial globe refets in the first place by two pivots fixed to its poles, 
P P', in a brass ring, M, which represents the meridian of the observer, and 
which is about half a line distant from the surface of the globe, leaving it just 
sufficient space for free motion round its axis. 

The meridian rests in suitable notches in a horizontal frame H H' and in the 
support V which allow the globe as required to be placed in difierent positions 
relative to the horizon. The horizontal ring represents the true horizon of the 
observer. 

From the point A of the equinoctial A Q, the meridian is divided both in the 
direction of the north and of the south pole, into 90®. The declinatioH of a cer- 
tain star is found on tlic meridian by bringing it under the meridian. In like 
manner the meridian is employed to i)lace the globe in the polar altitude of the 
Dbserver. 

The honzon is divided from the southern point S', into 360® ; and on this 
the azimuth of a star is read ofi'. 

At the point Z of the meridian, which corresponds to the zenith of the 
observer, a brass quadrant Z R can be screwed, which rises from the horizon, 
and is divided into 90° : from this the altitude and zenith distance of a star is 
read off. 

Above all things the globe must he placed in a jwsition corresix)nding to the 
situation of the observer upon the earth ; tliat is, the meridian of the globe H H', 
must be in the meridional line of the observer, and the polar altitude P H' must 
also correspond to that of the observer. The latter is very simple, for example, 
an inhabitant at the equator, the polar altitude of whicli is = 0® (§ 37), rec- 
tifies the globe, so that both the poles, P P', lie in the plane of the equator. 
In the neighbourhood of London the globe is to bo placed or rectified, so that 
the arc P H^, the height of the pole above the horizon, may be 51° 30^ 

We determine the meridional line of the observer by the compass whichTfor 
this purpose is appended to every large globe. For example, we draw on the 
base or pedestal of the globe the line mn parallel with the meridian H H'of 
the globe, and place on this line, so drawn, the magnetic needle r s, the f)oint 
of which assumes a northerly direction. We then turn the pedestal of the 
globe till the line m n coincides with the needle. It has been, however, shown 
in our Physical section (§ 197), that the direction of the needle is not exactly 
north, but varies somewhat from it. We correct this variation of the needle 

0 3 
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by turning the pedestal till the needle make^' an angle with the line m of 18°, 
which is the amount of the westerly variation of the needle ; and consequently 
the line mn is now exactly in a northerly directi ii, and is parallel with the 
meridian H H'. 

44. Another contrivance appended to the globe is the horary circle T (fig. 35), 
which is divided into 24 equal parts or hours, corresponding to the 24 liours 
of day and night. The horary circle is immoveable, but through its centre 
passes a prolongation of the axis of the globe to which an index is fastened, and 
which passes over a space on the ring as soon as the globe is turned round. If 
the globe makes a complete rotation, and therefore the 360 degrees of the equator 
pass under the meridian, the index also describes the whole circle of 24 hours, 
consequently tlie globe makes, for every hour which the index traverses, a ro- 
tation of 15 degrees. The index, however, is not of the same piece as the axis, 
but am be turned round it by means of a screw or other suitable contrivance 
in such a manner that the hand can be pointed to any number of the horary 
circle without at the same time turning the globe. The importance of the 
horary circle for the use of the globe will immediately become evident by its 
app^' ■ration. 

After the globe is put in a correct position in relation to the polar altitude 
and cardinal points, it must be placed in a situation corresponding to the 
time of observation in reference to the stars -which are then visible. Tliis 
will be rendered clear by the following observations : — Every day at 12 o’clock 
the sun stands in the meridian of the observer (see § 40), hence we fast bring 
that point of the globe under the brass meridian on which the sun stands at 
12 o’clock at noon. This point is of course situated on the ecliptic, and in the 
beginning of spring on the 21st of March at the point whence the ecliptic 
intersects the equator, from which point the latter is divided into 360 
degrees. On every following day the sun travels almost exactly one degree 
farther, as, for example, after the lapse of 204 days, that is in the middle of 
October, the straight asceimon of the sun (§ 41), that is its distance from the 
vernal point, amounts to 204 degrees. If, therefore, we bring this degree of 
the equator under the meridian, the position at which the latter intersects 
the ecliptic is the position of the sun at mid-day. 

The hand of the horary circle is now placed upon the one number 1 2, and 
the globe turned round till the hand joints to the other number 1 2, making 
thus half a revolution. All the constellations on the globe have now the 
position which the stars occupy at midnight at the place of the observer. 
For example, we thus find that at this hour, the constellation of Cassiopeia is 
in the meridian. If we afterwards turn the globe to the right or left, the hand 
can be brought upon every hour desired before or after midnight, in which 
case the stars then visible y)resent themselves on the globe. 

^lumerous problems, which suggest thorasolves to tlie student^ or which arc 

found in the small treatises sold by the mapsellers, may be solved by the aid 
of the celestial globe. 

In the commencement there is some little difficulty to transfer the picture of 
the heavens to the globe and vice versa. The student must suppose himself 
to be in the centre of the globe, and from thence imagine straight lines drawn 
through the stars which are represented on the globe, and prolonged to the 
heavens where they will reach the corresponding stars. 
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It is best for the student to commence his observations in the twilight of 
evening or on moonlight nights, because then tlie larger and more conspicuous 
stars are visible, so that he is not confused by the large number of stars which 
are visible on dark nights. When the larger stars are known, the smaller 
are easily found. 

(C.) CLASSIFICATION OF THE HEAVENLY BODIES. 

45. Of all the ceh^stial bodies, the sun^ this brilliant star of dav, and the 
moo/?., distinguished by the changeableness of her form, merit our special con- 
sideration. 

These two celestial bodies, by their apparent magnitude, present themselves 
amongst the otlier sUirs as universal lords, an idea which, however long it may 
have prevailed, has been materially injured by the observations of astronomy. 

Also, amongst the stars themselves, we find by accurate observation many 
diflerences. VV e perceive that by far the greater niim})er of the stars appear 
to us always to cjccupy the sjime points of the firmament, whc'i w’e observe 
them at the same stated times ; and it is on this account that they have re- 
ceived the name of fixed stars, 

Some stars change their positions in the heavens so remarkably, that at 
definite periods they occui/y certain particular positions, being sometimes to 
be seen in one, sometimes in another quarter of the heavens : these were hence 
named wandering stars, or idanets. The number of these stars or planets at 
present known is only twenty-oiio. 

Finally, tlio mnets are still more remarkable, both by their being accom- 
panied by a more or less extended luminous appendage, which follows the star 
like a tail, and by the changes of position, wliich are still more considerable 
than those of the planets, since some comets often suddenly a})])ear and again 
disappear, and others only present themselves again after the lapse of a great 
many years. 

We shall commence with a description of the fixed stars, these being most 
important for the geography of the heavens. We will afterwards exjjlain the 
relation of the eartli to tlie sun and moon as being of particular importance 
regarding time and climate, and, finally, through the study of the planets 
and comets pass to a more general consideration of the arrangement of the 
universe. 

Fixed Stars. 

46. By successive and rei/eatcd observations of the fixed stars, with the 
assisfcince of the globe and star charts, we readily acquire a llicility in finding 
their places in the finnament. We observe, furthermore, that these bodies, 
otherwise a unue of complicity, are groiqjed or arranged in a very definite 
manner, with which we gradually become so familiar, that the? least changh of 
the heavenly bodies cannot escape us. 

When the sun disappears below the horizon, the stars appear as so many 
sparkling points, dis])ersed here and there, through the spacious finnament, 
during the continuance of twilight. Their number is incroiised with the in- 
creasing darkness ; and, by the assistance of a telescope, myriads ai*e observable 
in the immense incomprehensible regions of space. Places which to the un- 
assisted eye apj/ear only like nebulous spota or streaks, by the aimed eye tu-e 



152 


ASTRONOMY. 


distinctly recognised as groups of countless stars; and the MUhy Way^ as it is 
termed, is found to be composed of countless millions of such bodies. 

The apparent magnitude of the stars is very different. Whilst some glisten 
and shine with a lustre which far surpasses others, some can scarcely be recog- 
nised as luminous points. By their apparent magnitudes, as visible to the 
unassisted eye, the stars are divided into six chisses. There are 18 stars of 
the first magnitude, 60 of the second, 200 of the third, 380 df .the fourth, and 
with the two following classes, in all about 5,000 ; of telescopic stars about 
70,000 have been observed ; and from reasons which cannot be here stated, the 
probable number of stars in the universe is estimat(?d at 500,000 millions. 

The fixed stars apixjar, even dirough the most jx)werful telescopes, invariably 
as small luminous points : hence we may judge of their enormous distances. 
This is confirmed by another circumstance, viz., that two stars of proximate 
mutual distance always appear to us equally distant from whatever part of the 
earth’s orbit they may be observed. Although the most disfeint points of the 
earth’s orbit are 195 millions of miles asunder, it is ]x>ssil)le to ascertain, with 
certainty, the parallax of only a few of the fixed stars ; that is, the angle of 
vision under which the semi-diameter of the earth’s orbit = 97 J. millions of 
miles, would appear to an eye placed on one of the fixed stars. The merit of 
the greatest exactness in determining the parallax of the fixed stars is awarded 
to the observations of the renowned astronomer, Bessel,* of Konigsburg, who 
succeeded in ascertaining the parallax of No. 61 in the constellation of the 
Swan ; which is found to be 0*3136 second. By this parallax the sun’s mean 
distance from this star, 61 of the Swan, is calculated to be nearly 62,672,712 
millions of miles. Light, which moves at the rate of 195,000 miles in a 
second, would require lO-j^jy years to pass through this space; and a loco- 
motive steam-engine, which trav<*ls at the rate of 920 miles per day, would 
be 200 millions of years in reaching this star. 

A stellar parallax, greater than a second, has not yet been accurately deter- 
mined. Hence it is a well-founded assum])tion that the nean^st of the fixed 
stars is 200,000 times farther fnjra thii earth than the sun ; consequently, about 
19 billions of miles is the assumed distance of the nearest fixed star from the 
earth. 

To conceive such a stellar distance surpasses the utmost range of human 
imagination, and to form any adijquato concej)tion of this enormous extent of 
sj^ce is utterly impossible; but we may approximate to a somewhat clear 
apprehension by comparison. Light, as above stated, moves witli the celerity 
of 195,000 mihis in a second ; yet three years, at least, would elapse ere light 
from the nearest of the fixed stars could reach the earth. 

This is bj no mtans the utmost extent of the distances of bodies In celestial 
space. On the contrary, it has Ixien assumed, with feasibility, that stars have 
been observed, the distances of which amount to 1 ^ million times that of tlie 
sun, and the light from which would be many years in reaching our earth. 

* Bessel^ the Professor of Astronomy at Konigsburg, was bom at Minden in 1784, and 
died in 1846. To great natural powers of observation be united tlie rare and profound 
knowledge of theoretical mathematics, which he applied, in a way hitherto unknown, to the 
reduction of errors in the results of observations, surpassing in accuracy all that had been 
accomplished before his time. In this respect he will be regarded as an example to the 
astronomers of all subsequent ages. 
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It may naturally be assumed that bodies; which are visible at such incon- 
ceivable distances, are also of enormously groat magnitude ; and we are justified 
in assuming that none of the fixed stars are in this respect inferior to the sun, 
and that most of them surpass him in magnitude. 

Stars visible in Europe. 

47. Even in*the earliest ages stars that api)eared to be in close proximity 
were grouped together, and by the aid of a lively fancy their outline was sup- 
posed to resemble certain well-known objects. Hence originated the names of 
the constellations. The seven stars of tlie Great Bear were sometimes call^ 
Cliarles’s Wain, tlie Plough of the North, &c. In most of the constellations, 
however, a wide field is left to the imagination, for it is seldom that we are 
enabled to discover any relation between the outlines of the groups and their 
names. 

48. The eye directed towards the heavens does not at every place and at 
all times perceive the same stars ; but, on the contrary, essential differences in 
the appearance of the heavens are obsoA^ed according to the point of the earth 
and tf> the season and hour at which the observation is made. An observer at 
the north pole has in his zenith \h(}. pole-star ^ and ho sees from there the whole 
northern hemisphere, and consequently all its sfcirs. An inhabitant at the 
equator sees half the northern and half the southern liernispheres of the heavens, 
and the pole-star appears to him in the horizon. 

The greater numl?er of Europeans dw<?ll between the 40th and 70th degrees 
of north latitude, and to tliem all the stars of the nortliern and more or less of 
the stars of tlie southern hemisphere are visible accoiding as diey arc more or 
less distant from the e(iuator. 

Under all circumstances, wo never perceive at the same time more than half 
of tlie starry heavens ; but it is easy to imagine that, after a time, we see a 
greater number of stars, in consequence of the rokition of the earth, since there 
are continually stars setting in the west and others rising in the east. 

49. We will now pass to the consideration of the constellations, and it is 
best to commence with those which are near the pole-star, and which are 
visible every evening and during the whole night, since they never set. 

It is most convenient to proceed from the Great Beai\ bc'cause this is the 
most remarkable group of stixrs, which every one is acquainted with, even tliose 
who are not engaged in the study of astronomy. It consists of seven stars, 
six of which are of the second magnitude ; four of them form a square, the 
other three stand in an arc in the tail of the Bear. If we imagine a line drawn 

through the two latter stars of the Bear, its prolongation will reach a staivof 

the second magnitude standing alone, and which is the ]X)le-star belonging to 
the Little Bear. The im|x)rtance of tliis star has already been several tintes 
mentioned ; as it is only 1 1 degree distant from the pole, it m«ay be regarded 
as the point around which the whole hemisphere of the lieavens turns. 

One of the most extensive constellations is the Dragon^ which winds itself 
around the Bear, and is formed of many stars of the third and fourth magni- 
tude, which define nearly half the polar circle. Opposite to the Great Bear, 
on the other side of the pole, we perceive five stars of the second and third 
magnitude, forming a W. This constellation, half of which is in the Milky 
Way, is called Cassiopeia. If we unite this group of stars with the Great 
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Bear by a line, and draw through the middle of this another line at right 
angles, we see on the right hand of this line Capella, a star of the first mag- 
nitude, in the constellation of the Waggoner^ and on the left hand Weger of 
Lgra^ which is also of the first magnitude. 

Of the other groups worthy of mention situated within the Tropic of Cancer 
we may mention Bootes^ in which is Arctwrius^ shining as a star of the first 
magnitude, and to which a straight line drawn through the tu^ lower stars of 
the Great Bear leads. Near to Cassiopeia is Perseus, \vith a star of the second 
magnitude, standing on a brilliant* ])ai*t of the Milky Way. From this we 
readily find the three bright stars of Aiidromeda, as well as Perseus, recog- 
nisable by four stars of the second magnitude, forming a square. 

Constellations of the Ecliptic. 

50. We now come to a portion of the heavens which is bounded by the 
two tropics, and which is of especial interest, since within these limits we find 
the constellations of the ecliptic. 

Of all the celestial zones, or circles, the ecliptic is the only one which we 
find distinguished in the firmament by a series of constellations. The ecliptic 
has been divided into twelve equal divisions by twelve constellations, or signs, 
supposed to be equally distont ; and each constellation contains 30°, the circle 
being divided, as usual, into 360°. As we shall subsequently have to con- 
sider the important relations of these constellations to oiuselves, we shall, for 
the present, only give their names and characteristic signs? Since the equator 
cuts the ecliptic in two points, one of these two sections is on the north 
and the other on the south hemisphere of heaven. Hence wo divide the con- 
stellations of the ecliptic, or signs of the zodiac, as they are commonly called, 
into the northeni and southern constellations, and supply their names and 
ancient marks, or signs, as under. 

I. II. 

Noiihem Constellations Southern Constellations 

of the Zodiac. of the Zodiac. 

1. The Ram cya Aries. 7. The Balance Libra. 

2. The Bull 8 Taurus 8. The Scorjnon ni Scorpio. 

3. The Twins n Gemini 9. The Archer / Saggitarius. 

4. The Crab £5 Cancer. 10. The Goat VS Capriconius. 

5. The Lion Leo. 11. The Water-bearer Aquarius. 

8. The Virgin itj^ Virgo. | 12. The Fishes X Pisces. 

As an illustration of the position of the ecliptic in the heavens, we refer to 
the diagram of the celestial globe. 

W e commence with the northern constellations of the ecliptic at the vernal 
equinox, viz., where the ecliptic cuts the equator, and the first is the liam, 

known by the three large stars in the head ; the brightest is of the second 

magnitude. Next follows the Bull, under Perseus and the Waggoner 
(Auriga), easily known by the V, which is formed by a group of four stars in 
Ae Bull’s head, and called the Hyades, or the rainy stars. The star of the first 
magnitude at the upper end of the V, to the left, is Aldeharan, On the back 
of the Bull are seen the Pleiades, a group of small stars, very close together. 

In the Twins the ecliptic reaches its greatest northern altitude. We perceive 



SUN AND EARTH. 


155 


two bright stars of the second magnitude,* Castor and Pollux^ in the head of the 
constellation, and four stars of the third magnitude at the feet forming togetlfer 
an oblong. 

This region of the heavens is distinguished by remarkable brilliancy, owing 
to the proximity of several constellations, amongst which we notice Onbn, the 
most beautiful of all the steirs which is placed on the southern side beneatli the 
Bull and the Twins. Two stars of the first magnitude especially attract our 
notice, these are Beteigeuze on the east shoulder, and Rigel on the west foot. 
Between these stars tliree others of the second magnitude, standing together, 
form the girdle of Onba, which is also termed Jacob’s Staff’. Near to the 
girdle we notice the remarkable nebulous spot of Orion. Beteigeuze foims with 
two other stars of the first magnitude a regular triangle, namely, with Procym 
of the Little Bog, and with Sirius, the most lustrous of stars, standing at the 
head of the Great Dog, and hence it is also called the Bog-star. This con- 
stellation can be seen during the dog-days (from July to August) rising and 
setting with the sun, which at this season of the year lias reacheu his greatest 
height, and tlierefore diffuses the greatest heat. 

The direction of the ecliptic is now through the invisible constellation of the 
Crab, composed of fiintly-glimmering stars, to the Lion, distinguished by four 
l^rincipal sttirs forming a large trajiezium : : (figure of four sides), of which 
Jiegulus, the chief ornament of this constellation, is a star of the first magni- 
tude. Next succeeds the Virgin, conspicuous for five stars, forming an anchor 
with rectangular fluftis, and also for the stiu of the first magnitude called the 
ear of corn of the Virgin (Spica Virginis). 

Here the ecli[)tic is again cut by the equator, and we now descend to the 
southern constellations, whore we first meet with the Balance, with four stars, 
which form a pretty regular square. 

In the Scorpion, Antares appears as a star of the first magnitude, which the 
Archer follows, visible only in the lower part of the southern horizon : it is 
oxisily recognised by four stars, forming a rectangular figure. The ecliptic here 
has reached its most southern declination, and recommences its ascending 
course to the equator, meeting first the constellation of the Goat under the 
Bagk, distinguished by Atair, a star of the first magnitude, and the Water- 
bearer, easily known by two stam on his shoulders, and three at some distance 
to the south-east of the former. 

The Fishes conclude the orbitual jiath of the sun round the vault of heaven. 
Tliis sign contains no remarkable stiir, and its position is most easily deter- 
mined by I’egasus, below which it is situated. But between the water-bearer 
and the fishes, and lower in the south, is Fomahand, a star of tlie first magni- 
tude in the constellation of the southern fishes. 

III. SPECIAL ASTHONOMICAL PHENOMENA, 

Sun and Earth. 

50. Suppose on the two ends of a rod there be fixed two balls, a and h, 
fig. 36, and the ball a to be three times tlie magnitude of the ball b ; the centre 
of gravitation must be, consecpiently, nearer the gi'eater magnitude ; and from 
Physical section, (§ 47), we know that if we divide the distiince between the 
centres of tlie two balls into fou r ecjual parts, the common centre of gravitation 
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at one-qnarter of the distance, namely at c. Then if we multiply the 
^®tance 3 by the mass 6 = 1, we have 3; and if we again multiply the mass 

3 by the distance 1, we have the same result ; 

and hence the two bodies, if siip]iorted at c, 

will be in equilibrium. If we suppose those two 
bodies in motion round the centre of gravitation, 
we see in the dotted lines the orbits described 
by both balls, and also that the smaller mass, 6, 
describes a circle round the larger mass a. 

If we throw into the atmosphere two unequal 
masses similarly connected, we shall find that 
they assume a rotatory motion around their 
common centre of gravitation, and the smaller 
mass constantly describes an orbit arouml tlie 
larger. 

If, in the example fig. 3G, the mass of the ball a wore ten times or a hundred 
times the mass of the common centre of gravitation would fall within the 
greater ball ; and w’e should find that this ball would describe a circle round a 
point in the interior of itself, wJiilst the smaller ball would describe a circle 
roiuid the greater. 

52. The sun and the earth are two bodies or masses of a spherical sliape, 
and have similar relations to each other .as the two masses, fig. 36, only their 
difference is much greater, as the following tiible shows 
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Earth. 

Sum. 

Ratio of the 
Earth to the Sun. 

Diameter . . 

:Milc3 

7,926 

8k7,680 

1 

112 

Surface . . . 


197,336,595 

2,296,080,000,000 

1 

12,577 

Contents . . 

. . . . Cubic Miles 

260,692,177,925 

399,815,355,000,000 

1 

1,410,000 

Mean Distance ■ 

r Miles 

t Radii of the Earth 

95,447,700 

24,000 

. .. . 
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If we imagine these two bodies to be connected by any means whatever, 
their common centre of gravitation w'ould fall within the l)ody of the sun, and 
in truth very near to its centre. If these were slung into the immensity of 
space, they would describe revolutions like the balls in the above example, the 
sun about his own axis, and the earth in an orlnt round the sun. 

This is actually the case, although the sun and earth are not connected by 
any material bond, like the l) 0 (lles in the example, but by a peculiar combina- 
tion of forces. 

The force which maintains the connection of the sun and the earth, is the 
mutual attraction which affects all bodies, and which we have already, in 
Physics, explained as the force of gravitation. 

That the sun and earth preserve their respective distances, and do not pro- 
gressively approach each other till a collision takes ])lace, is owing to the 
operation of a second force, which acts at right angles to the gravitating ten- 
dency, and produces the compound motion of the earth. (Comp. Phys., § 52.) 
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53, The enormous mass of the body of the sun is not without motion. 
We perceive this by means of certain dark places on the luminous surface of 
the sun, and which we call s^pots on the sun’s disc. These do not always 
appear in the same places. For it has been observed that they traverse the 
sun’s disc from the one margin to the other, where they finally disappear ; thus 
passing over the opposite surface of the sun, they emerge again, after some time, 
on the same part of his margin, wliere they first appeared. This ])henomenon 
proves that the sun revolves on its axis ; and the time elapsing during one 
rotation, is twenty-five days and a half, while the earth’s rotation is completed 
in one day. 

It is a difficult matter to explain the cause of the dazzling brightness and of 
the reanimating heat which proceed from the sun. The assumption that the 
siui is a burning body, in a chemical sense, is untenable. Every body con- 
stantly emitting light and heat by combustion is liable to a continual decrease; 
and tliis must have happened to the oun in a scmsible degree, notvdthstanding 
the prodigious immensity of its bulk. But, on the contrary, the sun appears to 
be the source of an unvarying amount of light and heat. 

It is the opinion of niost philosophers that the sun is a dark body, surrounded 
by a ])eculiar atmosphere, which is kept in a state of continual vibration by the 
enormous velocity of the sun’s revolution, and thus becomes evident to us a « 
light and warmth. Sometimes there are to be seen breaks, originating ir 
unknown causes, in tin? sun’s atmosphere, and through these breaks or chasms, 
which we call spots, we can s»..e the dark body of tlie sun. 

That friction can be a source of light and heat, some well-known phenomena 
testify. Let, for example, a piston which tightly fits a cylindrical tube, be 
pressed down the tulie rapidly and forcibly, both light and heat will be gene- 
rated at the same time, and the last in siifficiont quantity to kindle tinder, if 
attached to the end of the piston. This apparatus is called a pmmuitic tinder- 
box, We also find that when mercury is shaken in an exhausted glass tube, 
it produces a vivid light ; and from these facts it may be concluded, that it is 
possible that light and heat may be produced without adopting an assumption 
contradicted by all our experience of tenestrial bodies. 

54. The path in which the earth moves, in its course round the sun, is an 
ellipse (§ 13) of very small exceiitricity, approaching almost to a circle. The 
long axis, or line of the apsides, is 189,051,000 of miles. In one of the foci is 
the sun, and the earth reaches its greatest distance from this luminary, when it 
is at the one end of the axis of the ecliptic, where the distance is 90,969,583 
miles, which is on the 2nd of July. This point is the sun’s greatest distance, 
or as it is called, apfielion. On the opposite point of the great axis of the 
ecliptic, the earth reaches the point nearest to the sun, or its periMion, on the 
1st JaiHWry, wht*ll it is 93,763,878 miles distant from tlie sun. By taking 

tlie half sum of the greatc*r and less distance of the earth from the sun, we 
ascertain the mean distance of these two bodies to be 95,447,700 miles. 

The earth's orbit may in most cases be considered circular without occasion- 
ing any sensible error. Its senii-dianietcr would hence be 94,200,000, and its 
circumference about 585,597,000 miles ; and this space is traversed by the 
earth in 365 days and a few hours : consequently the earth traverses a space ot 
eighteen miles and a half in a second. Hence, the velocity of the earth’s orbi- 
tual motion is much greater than the velocity of its diurnal motion, which at a 

P , 
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point in the equator, is only at the rate of about 1,430 feet in a second. If we 
could tinvel with a velocity equal to that of the earth’s orbitual motion, we 
might accomplish. a journey round the earth of 24,849 miles in twenty-two 
minutes and a half. 

This assigned velocity is only the*w?€U» of the earth’s actual velocity. The 
elliptic figure of its orbit has an essential influence in modifying it, either retard- 
ing or accelerating : the celerity is alimented w'hen the earth is approaching its 
perihelion, and is retarded while drawing towards its aphelion. From this cir- 
cumstance, as will be hereafter shown, there is a difierence between the duration 
of the summer and winter half-years, the former being seven days and three- 
quarters longer than the latter. 

Position of the Earth’s axis to the plane of the Earth’s orbit. 

5t5. We suppose a plane passing through the centre of the sun, and extended 
on all sides, having the earth moving within it. This may be represented by a 
round piece of pasteboard having a circular and central hole into which a small 
ball may be half inserted. This ball or globe represents the sun ; the flat paste- 
board represents the plane of the earth’s orbit, which can be described on the 
])aper by a circle having the sun for its centre. The earth itself may also be 
represented by a smaller ball inserted in a similar circular hole, or into se\'eral 
made in diflerent parts of its orbit. 

It is very difficult, in some cases impossible, to illustrate satisfactorily the phe- 
nomena, to be described in the following paragraphs, by means of diagrams alone. 

Those are only calculated to represent objects that are adeejuately illustrated 
on a flat surface ; but many of the phenomena of motion can only 1^ explained 
by a mod(‘l which cannot bo conveniently re]>resented by a diagram. 

If we describe on a small ball, which re 7 )resents the earth, tlie nsnal circles, 
viz., the equator, the troy)ical, and the polar circles, together with the poles 
themselves, it is easy to perceive tliat we can give to this ball very different 
jjositions to the ])lane of the earth’s orbit. We may place it so that both 
poles, and consequently the earth’s axis, may be in the jdano of its orbit ; or it 
may be placed wdth its axis perpendicular to th<f ])lane ; and, finally, it may be 
made to assume an oblicjue position to it, so that its axis may make an acute 
angle with the jilane of the orbit. 

It is now to be shotvn tliat these three diflerent positions produce most im- 
portant changes upon the pheno- 
mena observable on the earth’s sur- 
face. The comprehension is much 
aided by placing a light to repr(‘sent 
the sun on the centre of a round 
table. On the margin of the talile, 
at an equal height with the flame, 
we place a small globt.*, whose axis 
may be made to assume any one 
of the three above-mentioned po- 
sitions. Instead of a globe, a little 
wooden ball may be used, movts 
aide about a knitting needle, which 
serves for its axis. T'he needle 
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may be elevated to the same height as the candle, by being stuck into a cork in 
a bottle, and it may be either perpendicular to, or parallel with, or inclined to 
the plane of the table. The requisite parallel circles and the (iquator are 
described on the ball. Finally, the circumference of the table is divided into 
four equal portions by two lines intersecting each other at right angles in the 
centre. With the aid of this simple arrangement, the following statements will 
be more easily and clearly comprehended than they could be by any diagrams 
whatever. 

56. In the first place we assume that the earth’s axis is perpendicular to the 
plane of its orbit, as in a, fig. 38. 

In this condition, every portion of the earth during the whole year, would 
have the duration of the days and nights e<iiial. The sun’s rays falling thus 
per]K‘ndicularly on the equator, would burn up the regions situated near it, and 
render them uninhabitable. The countries situated between the circles some- 
what more distant from the equator would be more fortunate, since in con- 
sequence of the oblique directi«3n of the sun’s rays they would enjoy the 
temperature of a mild spring, which would be continuous during the whole 
year. But the inhabitants of those countries would be deprived of the charms 
of the successive changes of season w'hich we enjoy. Many plants could not 
roach their full development under these circumstances. But the condition of 
the regions at a considerable distance from the ecpiator, or near the poles, would 
be very disrtial. Partly on account of the obliciuity of the sun’s rays, and partly 
tlirough their interception, an eternal winter and continual desolation would be 
prevalent in countries whore millions of human beings now lead c<jmfortable 
and happy lives. If, therefore, tlie eartli’s axis were placed perpendicularly 
to its orbit, tlie greater portion of its surface would be an uninliabitable 
desert. 

Still more conspicuous phenomena would be produced, if the axis of the 
earth, as in 6, fig. 38, were parallel to its orbit, so that its poles continually 
remain in the same direction. In this case the entire northern hemisphere 
would be enlightened once a year ; the light would fall perpendiculady upon 
the north pole, and the diiy would be 24 hours long. On the opposite side, at 
tf, the southern hemis])hcro would be enlightened and heated in a similar way ; 
and a sharp alternation of heat and cold would be the result, unmitigated by the 
gradations which are actually experienced. This would render the earth a far 
more incommodious habitation than it would be under the former supposition. 

It is well known that our earth neither has that iinifomiity of light and heat 
which would bo occasioned by the perpendicularity of its axis, nor that abrupt 
change which would be the consequence of its pai-allel position to the plane of 
its orbit j hence, its inclination to its orbit must be an acute angle, (Comp, c, 

flg. 38.) 

This is really the case, and hereby w'^e are in a condition to explain a series 
of phenomena which are as important as they are well known. 

57. Let us now consider the earth in its four principal positions relatively 
to the sun. In fig. 39, S is the sun, T the earth, the axis of which, s N, in all 
the representations remains parallel. It is evident, that only that portion of 
the earth which is opposite to the sun can receive the benefit of his light and 
warmth : the shaded portions represent the dark sides, and the unshaded the 
erdightemd halves of the globe in tliese positions. T represents the position of 
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the earth on the 21st of March, when the sun’s rays fall perpendicularly on the 

equator. In this case the circle of illu- 
mination passes through botii the poles s 
and N, consequently there is day both 
on half the northern and half of the 
southern hemispheres at the same time ; 
and as the earth turns on its axis 6 'N, 
every part of its surface describes one-half 
of its daily rotation by day, and the other 
half by night. While the earth is in this 
portion of her orbit, the day and night 
are equal all over the eaith, and hence its 
name vernal equinox (spring equal night). 
The same phenomenon appears at the 
autumnal equinox, represented by T", 
where the diagram represents the unen- 
lightened, or night appearance of the 
earth. 

When the earth in her course has traversed the next quadrant of her orbit, 
on the 21st of June she enters the summer solstice, T'. We perceive that the 
north pole, N, and a considerable part of the earth’s surface contiguous to it, 
remains enlightened during the entire daily rotation of the earth roimd its axis. 
Within the north polar circle, ef, at the latitude of 6 Ci°, or 23^° from the 
pole, the sun shines for 24 hours, and the nearer the polo the longer is the du- 
ration of sunshine. The portion lying in a higher latitude than is named 
the northern polar, or arctic, or frigid zone. 

The reverse of all this occurs at the southern polar zone, g h, where, on the 
same day, the sun is not visible, but the night lasts for 24 hours. 

On the equator the duration of both day and night is equal ; for the illumi- 
nated portion n E, of this circle is equal to the darkened portion n A. On 
every point north of the equator the day will be longer than the night, since 
the illuminated portion mb, of the parallel circle ab, is evidently greater than 
the unenlightened portion m'a ; consequently, an inhabitant of this region will 
be longer in the illuminated than in the darkened part during the earth’s diurnal 
rotation. All who live on the northern side of the equator liave, on the 21st 
of June, their longest day and their shortest night. 

That phenomena, in direct contrast to the above, should occur on tlie 
southern side of the equator, may easily be conceived. 

The parallel circle, a h, on which the sun’s rays fall jwrpendicularly on the 
21 st of June, is called the tropic of Camer. Whilst the earth continues its 
orbitual course, the length of the days gradually decreases 5 and when, on the 

23rd of September, she enters the autumnal equiim, T\ day and night are 

again equal. From this point by farther progression, the day is continually 
shortened, till, on the 21st of December, the earth has reached the winter 
solstice, T'", where the sun is perpendicular to the tropic of Capricorn, cd. 
Here the diurnal arcs maoxQ evidently shorter than tlie nocturnal arcs mb, to 
all the inhabitants of the northern hemisphere. We have at this season our 
shortest days and longest nights ; and our antipodes in the southern hemisphere 
enjoy their longest days. 
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Table of Polah Altitude and Duration of Solar Light. 


olar Altitude. 

Daration of the 
Ijougest Day. 

0° 

0' 

12 hours. 

16 

44 

13 

9 9 

30 

48 

14 

9 9 

49 

22 

16 

9 9 

63 

23 

20 

9 9 

66 

32 

24 

f } 

67 

23 

1 

month. 

73 

39 

3 months. 

90 

0 

6 

. , 


From the winter solstice to the vernal equinox, the day constantly increases 
and the night decreases ; until at the latter point they are again equal. 

Thus we see that, on this obliquity of the earth’s axis to the plane of its 
orbit, the apparent annual course of the sun, its passage across the equator 
twice a-year, and progress to th<j tropics, described in § 34, can be explained. 

The greatest altitude and declination of the sun is indicated by the ti'opical 
circles, which are north and south of the equator ; because in these points 

the farther progress of the sun is arrested, and his subsequent progress is back- 
wards to the equator. 

58. To the inhabitants of the regions of the earth lying on each side of the 
equator, and within the tropics, called the tropical or torrid zone, the sun 
during the whole year is either perpendicular, or almost per])endicular. Hence 
they have greater heat and less diversity of season than the inhabitants of other 
portions of the globe. Plants (and animals, even man himself, under the imited 
efiects of light and heat, assume peculiar forms and qualities. 

Between the tropics and polar circles, on both sides of the equator, are 
situated the two temperate zoms. In these regions the sun’s mys never fall 
jx;r[)endicularly on the earth ; and some portion of their calorific power is not 
absorbed, but reflected, and the temperature never reaches the maximum. 

The entire surface of the torriil zone is estimated at GB-J- millions of square 
miles ; the two terajierate zones at 102 millions ; and the two frigid zones at 
17 millions of square miles. 

In the course of the year, the oflects of the sun upon our northern temperate 
zone, ahef (fig. 39), are very dissimilar. During the summer solstice (at T'), 
the sun’s rays meet the earth at a much less oblique angle than at the time of 
the winter solstice, when the sun is on the southern side of the equator, and 
when his rays fall so obliquely that a large portion T)f their calorific influence is 
intercepted and dissipated in the surrounding atmosphere. Besides this, there 
is the longer duration of the sun above our horizon, and consequently a greater 
absorption of heat by the surface of the ground. This is the cause of ^he 
great range of temporaturo exporiencod by us in the space of a year ; hence the 
change of seasons, the transition from an ungenial season to the mild expansive 
influence of spring, followed by the ripening warmth of summer, when finally 
the autumn, with a decrease of both light and heat, opens the gate to icy 
winter. 

What advantages, what attractions for mankind, are connected with this 
lierjietual change of season ! what an endless variety of charms to awake our 
attention and to excite our gmtitude ! The loveliness of flowery spring, the 

p 3 
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glowing splendour of summer, the exuberance of autumn, and the stem uni- 
formity of winter, have been tlie subjects of painting and poetry from the 
earliest ages to the present day. 

69. Were the earth’s orbit actually a circle, as in fig. 39, the periods 
between the equinoxes and solstices would be exactly equal ; and the summer 
half-year from the vernal to the autumnal equinox would be of the same du- 
ration as the winter half-year. 

This, however, is not the case ; and the reason is, that the earth’s orbit is 
elliptical, and the sun’s place is in one of its foci. 

If T and T" (fig. 40) are the equinoctial 
points, the portion of the arc of the winter 
half-year, T T'" T", lying between the two, is 
smalle?: than that portion of the orbit of the 
summer half-year, T T' T" ; and besides this, 
the velocity of the earth, in the winter portion 
of her orbit, is gi’eator than in the other portion, 
because the earth is then nearer to the sun. 
Both causes co-operate ; and their united effect 
is, that the summer half-year is 186 days and 
^2 hours long, and the winter half-year consists of only 178 days and 18 
^ours; consequently, the former is longer than the latter by 7f days. 

Though the perihelion falls in mid-winter, and we are then 3,205,705 miles 
nearer the sun than we are at the time of the summer solstice, this greater 
proximity has no effect on the tem])erature of the earth’s surface, Ixjing modified 
by the greater obliquity of the sun’s rays and the shortness of the days, as has 
already been shown. 

60. Suppose we observe the setting of the sun, on any evening, and remark 
at the same time the position of a star or of a constellation near the place where 
the sun disappeared below the horizon, on the following evening we shall per- 
ceive the same star or constellation in the same |)Osition near which we perceive 
the sun set. If, however, this observation is re|)eated or continued for several 
days, we may perceive that the sun approaches nearer to the star ; and subse- 
quently the latter sets at the same time as the sun, and is not of course per- 
ce{)tible after sunset. The same observation with another star may be repeated 

in a similar manner. On the eastern part of the horijsou, also, find a similar 

phenomenon. A star as near as possible to the sun, and which rises only a 
short time before him, will, after several days, rise earlier and be at a greater 
distance because the sun has travelled from it. Thus, we may observe the 
perpetual progression of the sun among the fixed stars from the west to the 
east, and we can describe his path when we remark the constellations in tlie 
vicinity of which he appears or disappears. 

These constellations compose sl girdle or zone among the fixed stars, so 
named probably from I girdde^ or from a living creature^ be- 

cause most of the constellations of the Zodiac^ bear the names of animals. The 
zcxliac, or constellations of the ecliptic, is bounded by two parallel circles of 
from seven to eight degrees’ distance from the ecliptic. When the sun appears 
in the neighbourhood of one of these constellations, we say that he is in that 
f^onMellation, By twelve equal ly-distant constellations, the names and signs of 
which we have given in § 49, the ancients divided the zodiac into twelve equal 
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portions. The sun passes from one constellation of the zodiac to another, a 
distance of 30°, in the. space of from 28 to 31 days, which is called a mffntK 
After the sun has completed his course in the space of twelve months from one 
constellation to another, he appears again in the constellation where he was 
first observed ; and this revolution completes the year. During every succes- 
sive month the sim is in another constellation. 

About 3,000 years since, when the zodiac was assumed, the sun at the 
vernal equinox was in the constellation of the Ram (Aries), and tlie succeeding 
months with their constellations were as follow ; — 


March 
April - 
May - 
June - 
July - 
August 


Aries, the Ram. 
Taurus, the Bull. 
Gemini, the Twins. 
Canctj , the Crab. 
Leo, the Lion. 
Virgo, the Virgin. 


September - 
Octoljcr 
November - 
December - 
January - 
Febi-uary - 


Libra, the Balance. 

Scorpio, the Scoi*pion, 
Sagittarius, the Archer, 
Capricornus, the Goat. 
Aciuarius, the Waterbearer. 
Pisces, the Fishes. 


In consequence of a slow retrogression of the nodal point where the ecliptic 
and tlio equinoctial cut each other (called the precession of the equinoxes), this 
relation between the sun’s actual course and tlie constellations has been altered. 
The sun, for example, is not in Aries on the 21st of March, but in the constel- 
lation of Pisces ; and also in the succeeding months the sun is in the constel- 
lation corresponding to the preceding sign. In order to avoid confusion, the 
ancient signs are still placed on celestial charts and globes ; and a distinction is 
made between the comtellation and its sign or mark. The latter are nothing 
but twelve marks, by which the ecliptic is divided ; the former are the actual 
groups of stars. If, for exam])le, the sun or a planet is said to be in the sign 
of the Crab (Cancer), we look on the globe or chart for the sign gs, and find 
tliere the preceding constellation, viz., that of the Twins (Gemini). (See fig. 41.) 

As has been already stated, the ecliptic cuts the equator at an angle of 23^° 
in two opposite |X)ints distant 180°. These are the points which we call the 
equinoctial points, or the equinoxes : the sun at the vernal equinox, on the 
2ist of March, is in the constellation of the Fishes (Pisces), and in the sign of 
the Ram, and at the autumnal equinox, on the 23rd of September, he is in the 
oonstellation of V irgo, and in the sign of the Balance (Libra). 

61 . This apparent motion of the we must now rcfcr tO ltd rcul CUUS6) 
viz., the motion of the earth. 

To assist US in comprehending this motion, we again employ a round table, 
with a light in the centre to represent the sun. We now place the table in 
the centre of a circular room, round the w’all of which tlie signs of the ecliptic 
are described at equal distances, and on the same level with the light on the 
table. In fig. 41 the inner circle represents the table, and the outer the, cir- 
cumference of the room. The* observer’s eye is supposed to be on a level with 
tlie light, and in the place indicated by the arrow (♦-) at 360®, where we 
suppose the earth to be commencing her motion on the 21st of March in the 
direction of the arrow (-►). At this precise time the sun appears in the sign 
Aries. Moving along the margin of the table, which is divided into twelve 
equal parts, in one such part farther on, we perceive the sun in the sign of 
Taurus, and he appears to have described an arc of 30° in a direction precisely 
opposite to ours. Thus we proceed in our course round the sun, and perceive 
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him passing from one sign to another till he appears again in that of the Ram, 
and the year is completed. 





. ' 41 . 

Before the motion of the earth round the sun was established on certain data, 
tlie earth was believed to be in the centre of the ecliptic, i, e., in the place 
where the sun really is, fig. 41. In fact, the phenomena are the same, if wo 
|)lace ourselves in the centre of the table and cause a light representing the sun 
to l>e carried round it, beginning at the lower arrow. We see tlie light passing 
tlirough all the signs. 

That the ecliptic cuts the equator at an angle of 23^'°, is merely a result of 
tlie inclination of the earth’s axis towards its orbit. 

In fig. 42 we see the sun sunx)undcd by an inner circle which represents the 
earth’s orbit, and by an outer circle wliich is formed by the stars of the ecliptic. 

If the axis of the earth w s were 
perpendicular to the plane of 
both these circles, the ecliptic 
would coincide with the plane 
of the equinoctial aq. The 
actual position of the axis is, 
however, inclined towards both 
these circles, as N S, in which 
case A Q is the equator, the plane of which evidently cuts the plane of the 
(sdiptic under the same angle which the imaginary perpendicular axis n s forms 
with the inclined axis N S, 


* 
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Equation op Time. 

62. The carili rotates with perfect nniformity around its own axis in 23 
hours, 56 minutes, and 4 seconds. This period is called a sidereal day. Like 
the solar day it is divided into 24 equal parts, and each such part is called a 
siderealhmr. Astronomers make use of this time because they can examine it 
with the greatest facility and accuracy, and can, by its means, easily determine 
the position of a star. 

On the other hand, the time which the sun requires from one transit through 
the meridian of a certain place to the following transit is called a solar day. 
This is about 4 minutes longer than a sidereal day, because the sun appears to 
have removed about 1 degree every day towards the east. It is similar to the 
minute-hand of a watch, which after having been directly over the hour hand 
must make somewhat more tlian one revolution to reach the hour-hand again, 
since the latter has, in the mean time, traversed a certain distance in the same 
direction. 

The solar day has always been divided into 24 hours. A well-constructed 
and rightly-situated sun-dial always indicates the hour correctly. 

The solar days, however, are not of equal duration, since, as we have seen, 
they depend upon the unequal motion of tlie earth in her elliptical orbit, which 
causes the apparent motion of the sun ; and also l)ecause the sun does not 
appear to move in tlie plane of the equator, but in the ecliptic, which is 
inclined 23^° towards it. 

But as a good clock ought to have a perfectly uniform movement, it cannot 
of course indicate the inequalities of solar time ; hence the so-callcd mean solar 
time lias been introduced. Besides the sun itself, wo may imagine another sun 
which moves with uniform velocity in the plane of tlie equator, and winch 
always passes simultaneously with the actual sun through the vernal equinox. 

The imaginary sun sometimes precedes and sometimes follows the actual sun, 
and several times they pass sinmltaneoasly through the meridian. A watch 
which points always to the hour of twelve when the imaginary sun passes 
through the meridian indicates the mean solar time which is so termed in con- 
tradistinction to the triie time indicated by the sun-dial. The difterence 
between the mean and true solar time is called the equation of tvm. The 
following table shows the equation of time for the difl'orent months accurately 
to one minute. If it be desired to regulate a watch according to thc suii-dialj 
we are obliged to add to or subtract from tlie time indicated by tlic dial as 
many minutes as are indicated by the table. 

If, for example, the sun-dial, on the 26th of March, indicates 10 hours 
17 minutes, the watch must indicate 10 hours 17 minutes -I- 6 minutes, or 
10 hours 23 minutes ; and also for the 7th of September, if the sun-dial indicates 
8 hours 65 minutes, tlie watch must point to 8 hours 55 minutes — 2 minutes, 
or 8 hours 53 minutes. 
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Equation of Time. 


January 1 

Min. 



Min. 



Min. 



Min. 

+ 4 

April 

1 

+ 4 

August 

2 

+ 6 

Nov. 

3 

-16i 

. 4 

+ 5 


5 

+ 3 

11 

+ 5 


9 

-16 

6 

+ 6 


8 

+ 2 


17 

+ 4 


17 

-15 

8 

+ 7 


12 

+ 1 


21 

+ 3 


21 

-14 

11 

+ 8 


15 

0 


25 

+ 2 


25 

-13 

13 

+ 9 


20 

- 1 


29 

+ 1 


28 

-12 

16 

19 

+ 10 
+ 11 


25 

- 2 

Sept. 

1 

0 

1 

Dec. 

1 

-11 

23 

27 

+ 12 
+ 13 

May 

11 

ir> 

- 3 

- 4 


7 

10 

- 2 
- 3 


3 

6 

8 

10 

-10 

- 9 

- 8 
- 7 

February 2 

+ 14 

1 

29 

- 3 


13 

16 

- 4 

— 5 


13 

+ 14i 





19 

22 

25 

27 

30 



12 

- 6 

20 

+ 14 

June 

5 

- 2 


“ o 


15 

- 5 

27 

+ 13 


10 

1 

j 

— / 

- 8 
- 9 
-10 


17 

- 4 




15 

0 



19 

- 3 

March 4 

+ 12 


20 

+ 1 



21 

- 2 

8 

+ 11 


24 

+ 2 



23 

- 1 

12 

+ 10 


20 

+ 3 

October 

4 

-11 


25 

0 

16 

+ 9 





7 

-12 


27 

+ 1 

19. 

+ 8 





11 

-13 


29 

+ 2 

23 

+ 7 

July 

4 

+ 4 


15 

-14 


31 

+ 3 

26 

+ 6 


11 

+ 5 


20 

-15 




29 

+ 5 


20 

+ 6 


28 

-16 





Earth and Moon, 

03. A relation similar to that between tlie sun and the earth exists also 
between the eartli and the moon ; tlic latter is attached to the earth by the 
invisible bond of attraction, and, as its satellite, accompanies it in its path round 
the sun. 

On comparing these two bodies, the moon and the earth, we find the moon’s 
diameter to be 2,157 miles, or 3*67 times smaller than the diameter of the 
earth. The surface of tlie earth is about 14 times larger than that of the 
moon, and, in solid contents, is 50 times greater. To an observer in the 
moon the earth must appear 3*67 times larger than the moon appears to us. 
The apparent diameter of the latter is 31' 16". 

The distance of the moon from the centre of the earth is 237,840 miles, or 
60 semi-diameters of the earth, an insignificant space when compared with the 
distance of the sun, and especially when contrasted with the distances of the 
fixed stai*s. Indeed the moon is of all the heavenly luminaries the nearest to 
us, and it is owing to this that she apparently surpasses in magnitude all otlior 

cefestial bodies, except the SQn,«end that, in appearance, she is almost of 

dimensions equal to him. 

This proximity enables us to make important observations on the body of 
the moon, which being magnified 500 times, or brought nearer by a powerful 
telescope, affords a spectacle as surprising as it is beautiful. When with the 
unassisted eye alone the moon is viewed, we perceive large dark parts to which 
fancy and tradition have often assigned a human or other appearance; the armed 
eye, however, represents these in a more definite manner, and we have in 
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general acquired tiolerably well-grounded views respecting the condition of the 
moon’s surface. 

In the half-moon, while the enlightened border towards the sun is circular 
and smoothly rounded off, the opposite border is indented and jagged, with 
deep recesses and prominent points. That certain clear points in the moon are 
mountains there is no reasonable doubt, from the long-projecting shadows that 
their unenlightened sides cast behind them ; as the altitude of the sqn increases 
they shorten, and at full moon disappear. By admeasurement, ii has been 
discovered that some of these mountains are as high or even higluir than any 
terrestrial mountains. Annular mountains {liinggebirge) are the most com- 
mon form of lunar mountains: sometimes these enclose an extensive plain, 
sometimes a crater of great depth, having sometimes a conical elevation in 
its centre called the central mountain. Besides these, there are groups and 
chains of mountains traversing the moon in every direction ; so that by far the 
larger portion of the lunar surface is occupied by these diversified mountain 
ranges. This may be discovered through a inod(n*ately good telescope. 

On com]')aring the appearance of the lunar mountains with those of the earth, 
and with the idea which we entertain of the origin of terrestrial mountains, a 
mlcoim origin is with good grounds ascribed to the former. 

According to the most exact observations, it apj>ears that the moon has no 
atmosphere similar to ours, that on its surface there are no great btjdies of 
water like our seas and oceans, so that the existence of water is doubtful. The 
whole ])hysical condition of tlie lunar surface must, therefore, be so diflerent 
from that of our earth, that beings organized as we are could not exist there. 

It would be ridiculous to waste time in refuting the assertion, that edifices 
and even living creatures might be seen on the moon. If we wore in a con- 
dition to aj)ply tcilescopes magnifying a thousand times, the moon would 
appear in that case no other tluin a place 50 miles disfcint a})])ears to the naked 
eye ; yet who can discern a house or a living creature of any sort at such a 
distance ? 

04. Tlie lunar orbit is an ellipse having the earth in one of the foci, and its 
eccentricity is greater than tliatof the earth’s orbit, that is, it varies in a greater 
degree from the circular figure. 

ileiice the moon is not always equidistant from the earth, but has its apogee^ 
its perigee^ and mean distance;, similar in this r(‘spect to the relations existing 
between the earth and the sun (§ 50), already described. Hence its apparent 
magnitude is not uniform ; its greater apparent diameter is 08' 20", and the 
smaller 29' 12", and the moan 01' 10", according to its distance from the 
earth. The celerity of the moon’s motion is the greater, the more it ap- 
proaches tlie earth. 

But since the moon moves at the same time with the earth around the 

sun, its motion is very complicated, being that of a spiiyl line about the eartli’e 

orbit, tlie calculation and determination of which are attended with very great 
difficulties. 

But these vanish wdien w^e first of all submit to consideration the relation of 
the moon to the earth, assuming the earth as the centre of the lunar orbit. 

The path traversed by the moon in the heavens is certainly within the 
zodiacal circle, yet it does not exactly coin<:ide with the sun’s ai)parent course, 
the ecliptic, but cuts this at an angle of a little more than 5°, in two opposite 
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points, which are called the moon’s nodes, or nodes of the lunar orbit. The 
one half is therefore north, and the other lialf south of the ecliptic. 

If the position of the moon, in respect to any known star, be observed on one 
evening and rej)eated tlie next, the moon will be found to have moved a little 
more than 13° from west to east from that star. As the whole circle of her 
orbit is 360°, accurate calculation has proved that this space is traversed by 
the moon in 27 days 7 hours 43' 12", after which time she has returned to 
the same star. This time is called the moon’s perwdic time or periodicity. 

During the moon’s course round the earth in th(3 above-stated period, she 
turns once on her own axis, which is almost perpendicular to the ecliptic, so 
that the lunar equator nearly coincides with it, and, consequently, in the moon 
the same phenomena relative to the sun will be observable which the earth 
would have presented if, as in § 66, the earth’s axis were perpendicular to the 
plane of the ecliptic. 

One consequence of this protracted period of lunar rotation is, that the one- 
half of the moon will have the sun’s rays for nearly 1 5 days, and the other side 
during this period would be in darkness, were it not for the reflected light she 
receives from the earth. 

From our earth only one side of the moon, or one-half of the lunar surface, 
is ever visible, f. e., the moon always presents the same face to the earth. This 
is occasioned by the coincidence of the period wherein the moon revolves 
round the earth and that in which she moves round her own axis. Her revo- 
lution and rotation are accomplished in the same period. This fact may be 
proved experimentally. Let us imagine a candle j)laced upon a round table ; 
if we now walk round the table, keeping the face always turned towards the 
light, we do not merely ])ass round the table, but, in the mean time, turn 
round our own axis. 


SUN, EARTH, AND MOON. 

Phases of the Moon. 

65. No other heavenly body shows such remarkable changes in its aspect as 
the moon. This is so striking, that the phrase, “ changeable as the moon,” is 
proverbial. 

For an explanation of tlio diflerent aspects, or phases of the morni^ we must 
have recourse to the sun, for these are the result of the changes of the mutual 
positions of the sun, the earth, and the moon. 

We have first to remark that, on account of the great distance of the earth 
and the moon from the sun, and the great mji^nitude of the last, all the rays 
of light that proceed from the sun fall in a parallel direction upon the eartli 
and moon, and it is indifferent at what portion of their orbits they receive 
these rays. 

Therefore let T, fig. 43, represent the earth, and c c. . , .the moon in the 
various positions she assumes in her orbit, and S S, . • .the rays of light pro- 
ceeding in a parallel direction from the distant sun. It is evident that the 
surfaces both of the earth and moon opposite to the sun will be completely 
enlightened, and to an eye placed in the sun these two bodies would present 
the appearance of constantly enlightened, perfect discs. The reverse side, viz., 
that which is not opposite to the sun, is naturally dark. 
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Suppose the sun, the moon, and the eartS to be in one straight line, in the 
order of sun, moon, and earth (S A T, fig. 43), this position is called cmjunctkni ; 
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and when the earth is between the sun and the moon, it is called opposition^ 
as S T E. The two positions C and G are called the moon’s qiiadratures. 
From the earth, only that half of the lunar surface which is turned towards 
us is visible, that is, that part of our diagram which is cut by the circle repre- 
senting the orbit of the moon. Whilst, therefore, ABCDEFGH represent 
the moon as she would appear if viewed from the sun, the figures in 
juxtaposition, viz., aho' defg\ represent the phases of the moon as they 
actually appear to an eye on the earth observing them in these several 
positions. 

In the hmar conjunction at A the unenlightened disc of the moon is turned 
towards the earth, and we have then new moon as it is termed. At this period 
tlie moon is scarcely visible, but in some states of the atmosphere she appears 
as a pale ash-gray body, reflecting the little light borrowed from the earth. 
After a few days she appears to us at B , as a shining crescent 6, the points 
of which are turned from the sun. In the quadrature C she increases to the 
first quarter c\ where she presents her semi-lunar shape. When she reaches 
the opposite point of her orbit, and is in opposition, we have what is called 
/wW nmn. By a similar gradual decrease she returns to that part of her 
orbit, where she is again in conjunction. 

Q 
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The following simple operaticfi will afford a satisfactory view of the lunar 
phases. In the centre of a table, place a rather large globe to represent the 
earth, about which, a smaller globe representing the moon may be can’ied, pre- 
serving an equal distance from the centre. At a suitable distance from both, 
place a light to represent the sun, and at the same height as the two globes. 
In this experiment it is usual to colour the lunar globe white, tliat tlie exact 
shadow line may be sharply defined. If from the large globe we now look at 
the lunar globe, during its revolution, we shall obtain a very accurate view of 
the diflerent phases of the moon. 

66. Since the moon daily describes an arc of 13° in the heavens, from west 
to east, it is certain that her rising or appearance above the horizon will be 
later every successive night; and in this respect she differs from the fixed 
stars, which preserve to a minute the exact period of rising and setting. As 
the rising or S(3tting of the moon can be exactly calculated, and is besides a 
matter of considerable importance, both this, as well as her different phases, 
are given in the Almanac ; but with greater fulness in the Nautical Almanac. 

Tides. 

67. As the attraction between the different portions of matter is always 
mutual, the moon is not only attracted by the earth, but the latter is also 
attracted by the moon. Lunar attraction is most powerfully and sensibly felt 
on those portions of the earth’s surface that are nearest to the moon, which is 
the case when the moon passes through the meridian of these places. Attrac- 
tion is strongest on the equator — because the moon is always nearly perj)endi- 
cular to this part of the surface of the earth. 

On the continental parts of the earth, lunar attraction exerts scarcely any 
perceptible influence ; whilst, on the contrary, the waters of the ocean which 
cover the greater portion of the earth’s surface, by their mol?ility, more easily 
follow the attracting influence, and are elevated in the direction of the meridian 
where the moon is present. 

This elevation of the waters of the seas and oceans, at stated periods, is called 
the Jiow, or flux of the tide, and, as has been shown, is always greatest at the 
equator, and gradually decreases with the increase of latitude. For example, 
at St. Malo it amounts to 50 feet, while on the northern part of the Norwe- 
gian coast, it is scarcely percej)tible. 

Even the centre of the earth is susceptible of attraction in this direction, 
and in some degree yields to it ; hence the waters on the opposite side of the 
meridian are elevated, because in consequence of their inertia they are not in a 
condition instantly to obey the motion of the attracted earth. Thus the flood- 
tide forms a belt or ring, encompassing the whole globe, passing through the 
])oles, attaining its greatest elevation at the equator^ and gradually diminishing 
towards both poles, where it altogether disappears. The direction of the tidal 
wave is from east to west, regulated by the moon’s gradual motion to the 
meridians of the different places. . 

Consequently at any one place, during the space of 24 hours, there are two 
tides, which are 12 hours apart, and at the periods when this phenomenon 
occurs in our locality, the sea is also elevated in the locality of our antipodes. 

But, again, if the oceanic wave is elevated at the same period in opposite 
parts of the earth, and, by its cumulative process, occasions, what is termed. 
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high water at these opposite points, at the intermediate points the watcT 
must naturally in the same measure be lower, and occasion the ebb or reflux 
tide; and this reflux must be greatest at those points equally distant from the 
points of high water or flood-tide. All places lying under the same meridian 
have ebb or reflux tide at the same time ; and this tidal depression forms a 
concave circle which, in the poles, cuts the circle of the high tide at right 
angles. 

On the sea-shore we perceive, during six hours, the waters flowing towards 
the land, accumulating on the sea-beach, or covering the flat sands, flowing up 
the estuaries of tidal rivers, or dashing themselves to foam and spray on the 
lofty banks or steep rocky barriers of the ocean : when they have reached their 
maximum height, they appear quiescent for the space of a quarter of an hour ; 
they then flow back to the sea during six hours longer, when they recommence 
their fresh reiterated attacks on the firm barriers of the stable ground. 

There does not exist a more sublime and fearfully awful spectacle, than the? 
sea affords when agitated by the combined influence of both tide .ind storm. 

The howling of the tempest, the roar of mighty waves, the rushing sound 
of the broken waters, vainly struggling to pass their appointed bounds, form a 
scene difficult to be imagined, and impossible to be described. 

As the moon appears on the meridian, the following day, about 50 minutes 
later than on the previous day, and as the time of high water at every indivi- 
dual place corresponds with the lunar motions, the phenomena of ebb and flow, 
or of high and low water, can be ascertained for every haven — an object of the 
utmost value in navigation. 

In general, however, the tides do not occur so sinjply as has been above 
described. Besides local peculiarities, sucli as the configuration and position 
of the shore, occasional causes as winds, &c., disturb the regular progress of 
the tide. And besides these, the sun has an important effect on the flow anti 
ebb, according to his relative position to the earth and moon. 

If tj|ie sun and moon be in conjunction (see fig. 43), by their combined influ- 
ence the tides are higher, but if they be in opposition, they counteract each 
other, and the tides are lower. The sun’s influence is least, when the moon 
is in her quadratures. 

EcLirsKS. 

68. Eclipses of the heavenly bodies are merely the shadows of certain opaque 
bodies thrown upon others coming within the verge of their darkened sides. 
If the luminous body A, fig. 44, be of larger dimensions than the dark body B, 
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there originate, in consequence of the rectilinear propagation of light, two sorts 
of shadows. The umbra is that sort of shadow in which no part of the lumi- 
nous body is perceptible ; it forms a cone, the apex of which is behind the 
dark body. As soon as the eye is placed on the umbra, it can perceive no 
part of the source of light A, which appears to bo eclipsed. On the other 
hand, the penumbra originates in that locality where only a portion of the light 
proceeding from a luminous object can fall; hence an eye in thepewMmftm would 
see a part, but not the whole of the illuminating body. This shadow, also. 



forms a cone, which, if extended, the apex will fall before 
the opaque body. If we receive the shadows so projected 
at m w, for example, on a white sheet, we have in the centre 
a dark circle, which is the umbra, surrounded by the pen- 
umbra, which gradually decreases in intensity towards the 
exterior (see fig. 45). The farther we hold the sheet from 
the body producing the shadow, the umbra decreases, and 
the penumbra is enlarged. 


Lui^ar Eclipse. 

69. Let A, fig. 44, be the sun, and B the earth, the length of the umbra 
of the latter will exceed 108 diameters of the earth. Since' the moon is only 
about 30 terresti'ial diameters distant from the earth, and as the diameter of 
the earth’s shadow, at this distance, is nearly three times as large as the appa- 
rent diameter of the moon, it follows that when the latter enters this shadow, 
she must be totally eclipsed. 

If the moon’s orbit was coincident with the ecliptic, or if both moon and 
earth moved round the sun in the same plane, there would be an eclipse at 
every conjunction, and at every opposition, (see § 65), L e., a solar eclipse 
would happen at every new moon, and a lunar eclipse at every full moon. But 
we have seen that the lunar orbit cuts the ecliptic only in two points (Nodes, 
§ 64), ; consequently an eclipse of the moon is possible only when, at the time 
of opposition, the moon is in one of her nodes, or in close proximity to it, which 
can only occur 29 times in the space of 18 years. 

70. A lunar eclipse begins on the eastern margin of the moon, and is either 
totals when her whole disc enters the umbra, or partial^ when only part of her 
disc is in the shadow. A total eclipse may last for two hours. 

Eclipses of the moon are visible at all points of the nocturnal hemisphere 
of the earth, if the moon be above their horizon, and the eclipse will be 
of equal duration and equal magnitude. If, however, the places of observa- 
tion lie at a considerable distance east and west of each other, the commence- 
ment and termination of the eclipse will be. perceived at different times; 
and hereby we have the means of determining the longitude, i. e,, the distance 

of the observer fi'om the first meridian (see § 25). The greater the distance 

between two places, the greater w81 be the ♦difference of time at which an 
eclipse will begin or end at the two places. Suppose for the one place the 
eclipse begins at 10 p.m., and at a place farther to the west at 11 p.m., we 
know that the difference of the lon^tude of the two places is 15®. The 
circular outline of the earth’s shadow on the moon, is a notable proof of the 
sphericity of the earth. 
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Solar Eclipse. 


71. When the moon and the sun are in conjunction, the moon’s place may 
be represented by M. fig. 46; between the earth T, and the sun, S. If this 
conjunction occur when the moon is in one of her 
nodes, or within 16° of it, the shadow of the moon 
will fall upon the earth, and the sun will be eclipsed. 

This can only happen 41 times in 18 years; and it 
will presently be shown that, at any one place, an 
eclipse of the sun is three times less frequent than an 
eclipse of the moon. 

The lunar umbra extends from the moon a space 
about equal to her distance from the earth, and 
hence only a small portion d of the eartli’s surface en- 
ters the lunar umbra. To the inhabitants of this part 
of the earth the sun will be totally eclipsed, and the 
eclipse will be annular if only the margin of the sun’s 
disc remain uneclipsed by the lunar shadow. This 
is only |X)ssible when the moon is in her a|X)gee, or 
greatest distance from the earth, where her appanmt 
diameter is less than that of the sun, which it cannot 
in general exceed more than 1' 38". Hence the dura- 
tion of a total eclipse cannot bo more than 3 J minutes. 

On the contrary, the penumbra of the moon is 
diffused over a much larger portion, n m, of the sur- 
face of the earth, since its section is five-ninths of the 
earth’s diainc^ter. The inhabitants of this ]X)rtion 
of the earth do not receiv'i light from all parts of 
the sun, consequently a part of this luminary is invisible to them, and the 
eclipse is said to be partial. 

Solar eclipses commence on the western margin of the sun, and advance to 
the eastern. On account of the proximity of the moon to us, an eclipse of th(^ 
sun is, in all places above the horizon of which the sun appears, visible neither 
at the same time, nor is it of equal duration, nor of equal extent : in some 
l)arts it may not be visible at all. In favourable situations, the diameter of the 
umbra, where it reaches the earth, amounts to alx)ut 167 miles, and in this 
small strip of the eartli’s surface only can the sun appear totally eclipsed. 



Planets. 

72. It has been already stated (§ 45) that, on an attentive observation of tfce 
heavenly bodies, certain stars are observed which obviously change their posi- 
tions in relation to the fixed stars, and which have therefore been called planets 
or wandering stars. 

If examined through a telescope, they appear considerably magnified, with 
commensurable discs illuminated by the sun, whose light they receive and 
reflect. In these respects they differ essentially from the fixed stars, which 
even under the greatest magnifying power appear only as small luminous points, 
and are considered to be self-illuminated bodies, or suns, at enormous distances. 

Q 3 
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Compared with the fixed stars, the planets are at moderate distances, and 
insignificant in number, but in other respects they arc invested with a remark- 
able interest. 

The planetary motions are confined to the portion of the heavens called the 
Zodiac (sec § GO). But how essentially different are their orbits from those of 
the sun and moon ! Whilst these preserve a uniformity of motion, describing 
equal arcs in definite spaces of time, advancing from west to east, from one 
constellation to another, till they have completed a whole circuit of the heavens, 
we perceive that the case is widely different with the planets. Sometimes they 
advance rapidly, then relax their apparent speed, then stand for some days 
perfectly still, and then reverse their motions, and again describe an irregular 

line, somewhat like the repre- 
sentation in fig. 47. The pla- 
net’s course, W V, in the 
direction of the sun’s i)ath, is 
called its direct motion, and its 
reverse motion, V S, is called 
retrograde^ find between these 
two kinds of motion the planet is always for a time stationarjr. We also 
|)erceive that half of a planet’s course is on the north and half on the south side 
of the ecliptic, E C ; consequently their orbits cut the ecliptic at two opposite 
j)oints, termed wdee^ similarly to the moon’s. 

Before we arrived at tlic correct knowledge of the planetary courses, and the 
relation of these bodies to the sun, nothing was more difficult than the explor 
mtion of their peculiar motions. All the attempts of the earlier en'oneous 
systems of astronomy were wrecked by the planets, and thereby proved at once 
their inaccuracy or insufficiency. 

73. The sun is not only the centre of attraction for our earth, which de- 
scribes its elliptic course around him, but also for a great number of. other 
heavenly bodies, the first of which are the planets, among which the earth itself 
must be classed. 

We know at the present day 22 planets, and from recent discoveries we 
have ground for the assumption that more planets are discoverable. 

The planets present essential differences in magnitude, distance from the 
sun, celerity of movement, and in physical characters ; they all agree in form, 
oy)aqueness, and in the ellipticity of their orbits around the sun, which lie 
almost in one plane. A rotatory motion on their axes has been observed in so 
many, that it is a fair assumption tluit they all possess this property. 

74. The planets may be systematically represented, relatively to each other 
and to the sun, by drawing them of proportionate magnitude, and at propor- 
tionate distances, on a table, or oven on a sheet of paper. The sun is, of course 

to bo assumed as the fixed and common centre of attraction, around which the 

orbits of the planets may be described either as circular or elliptical. 

A tolerably satisfactory diagram of the relative distances of the planetary 
bodies may be constructed by assuming the mean distances of these bodies 
from the sun, as the radii of a succession of concentric circles, each one repre- 
senting the orbit of a single planet In order to describe their ellipticity, the 
larger diameter and eccentricity (§ 13) must be given. 

The planets situated nearer than the earth to the sun, of which there are 
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only two, Mercury and Venus, we distinguish by the title inferhr planets; 
those moving in orbits, lying on the outside of the earth’s orbit, we call 
superior planets, which include all the other planetary bodies. 

By the term ancient planets, we understand those that have been known 
since the most remote ages, viz.. Mercury, Venus, the Earth, Mars, Jupiter, 
and Saturn ; whilst the rest, discovered since the invention of telescopes, are 
styled modem planets. 

The following tables comprehend the most important relations of the 
planets : — 


I. 


Planets. 

Signs. 

Known 

since 

Discovered 

by 

Diameter. . 

Solid Contents. 

Knglish 

Miles. 

GrentCHt 

appa- 

rent.* 

Millions 
of Cubic Miles. 

Earth = 1. 

1. Mercury- 

? 

Antiquity 

« 

3,123 

13" 

10,195 


2, Venus - 

? 

f t 

- 

7,702 

64'' 

223,521 


3. Earth 


» > 

- 

7,916 

- 

260,775 

1 

4. Mars - - 

$ 

> > 

- 

4,398 

23" 

48,723 

\ 

5. Flora 


1847 

Hind- - 

- 

- 

- - 


6. Victoria - 


1850 

9 9 

- 

- 

- - 


7. Vesta 


1807 

Olbers 

238 

0"*5 

98 


8. Iris - - 


1847 

Hind- - 

- 

- 

- - 


9. Metis 

<5> 

1848 

Graham - 

- 

- 

- - 

-• 

10. Hebe - 

V 

1847 

Hencke - 

- 

- 


- 

11. Parthenope 

5 

1850 

DcGasparis 

- 

- 

- - 

- 

12. Astrea - 

$ 

1845 

Hencke - 

- 

- 

- - 

- 

13. Egeria - 

- 

1850 

DeGasparis 

- 

- 

- - 

- 

14. .Tuiio - - 

f 

1804 

Harding - 

1,425 


1,372 

9S*93 

l.O. Ceres 

5 

1801 

Piozzi 

1,024 

- 

20,783 

- 

16. Pallas 

t 

1802 

Olbers 

2,099 

4"-2 

_ - 

lifer 

17. Hygeia - 


1849 

DeGasparis 

- 

- 

- - 


18. Irene - - 

- 

1851 

Hind- - 

- 

- 

- - 

- 

19. Jupiter - 

¥ 

Antiquity 

- 

91,522 49"' 2 

343,125,828 

1,491 

20, Saturn - 

h 

> 9 

- 

76,068 

20"-3 

245,089,877 

in 

21. Uranus - 

¥ 

1781 

Herschel - 

.85,112 

4"..q 

19,727,774 

87 

22. Neptune - 


1846 1 

Adams and 
Leverrier 

- 

2"-6/ 


• 

77 

Sun - - 

© 

- 




399,839,629,687 

1,415,225 

Moon 

3) 

- 

- 

2,160 

31'-16" 

5,274 

50 


* The apparent diameter is expressed by the number of seconds contained in the angle under which the 
planet is seen from the earth at its shortest distance. 

The smaller and recently-discovered planets are usually called Asteroids. For these, recent adnieasure- 
ments prove that the above-assigned diameters ore too large. 
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II. 




1 

Mean Distance from the Sun, 
or Half the greater Axis 

of their Orbits. 

Eccen- 
tricity in 
parts of its 
Semi-mtOor 
Axis. 

Time 

of 

notation 

Time 

of 

Revolution 

Celerity 
of Orbitual 
Motion, 

Planets. 


Miles. 

Earth’s 

Distances. 

round their 
Axes. 

round their 
Orbits. 

or space 
passed over 
in a Second. 





2 

3 

4 ' 

5 

6 

1. Mercury 



36,000,000 

0-3 

0-205 

Hrs. min. 
24 0 

Days. 

88 

Feet. 

162,611 

2. Venus 

- 

- 

68,000,000 

0-7 

0-006 

23 21 

225 

118,960 

3. Eardi- 

_ 

- 

93,000,000 

1-0 

0-016 

23 56 

365 

101,173 

4. Mars - 

. 

- 

142,000,000 

1-5 

0*093 

24 39 

687 

81,963 

5. Flora- 

- 

- 

209,846,610 

2-2 

0-156 

- 

1,194 


6. Victoria 

_ 

- 

- - 

- 

- 

- 

1,303 

- 

7. Vesta- 

_ 

_ 

225,000,000 1 

2*3 

0*093 

- 

1,335 

65,813 

8. Iris 

_ 

- 

223,034,070 

2-3 

0*207 

- 

1,344 

- 

9. Metis - 

- 

- 

- - 

- 

- 

- 

1,346 

- 

10. Hebe - 

- 

- 

223,771,830 

2*3 

0*182 

- 

1,380 

- 

11. Parthenope 

- 

- - 

- 

- 

- 

1,401 

- 

12. Astrea 

- 

- 

245,305,200 

2-5 

0-188 

- 

1,511 

- 

13. Egeria 

_ 

- 

- - 

- 

- 

- 

1,478 

- 

14. Juno - 

- 

- 

253,000,000 

2-6 

0*255 

- 

1,591 

61,909 

15. Ceres - 

_ 

- 

263,000,000 

2-7 

0*078 

- 

1,681 

60,821 

16. Pallas- 

- 


265,000,000 

2-7 

0*245 


1,682 

60,820 

17. Hygeia 

- 

- 

- - 

- 

- 

- 

2,042 

- 

18. Irene - 


- 

- - 

- 

- 

- 

- 

- 

19. Jupiter 

- 

- 

485,000,000 

5*2 

0-048 

9 56 

4,333 

44,362 

20. Saturn 

_ 

_ 

890,000,000 

9-2 

0-056 

10 16 

10,758 

32,757 

21. Uranus 

- 

- 

1,800,000,000 

19*2 

I 0*045 

i 7 5 

30,687 

23,093 

22. Neptune 


- 

3,446,722,500 

36-1 

; 0-008 

“ ■ 

“ 



75, The two inferior planets, Mercury and Venus^ have phenomena in some 
respects similar to those of the moon. As they move between tlie orbit of the 
earth and the sun, they enter with these bodies, at certain times, into a twofold 
conjunction, viz., in an inferior conjunction^ when the planet is between tlie 
sun and the earth, and in a superior when it is beyond the sun, and in the same 
straight line with the earth. During tlie superior conjunction, which frequently 
occurs in the planet Mercury, caused by the rapidity of its orbitual motion, we 
occasionally obtain a view of this body, as a dark, round speck passing over 
lll0 sun's disc. This passage over the sun is called the iransit of Mercury, 

and it affords a convincing proof that the planets derive their light from die sun. 

In certain positions towards the sun, when viewed through a telescope, this 
planet clearly exhibits certain alterations of form, which are called phases. 
Venus, at certain periods, and especially in the morning, after being for some 
time invisible, appears as a bright sickle. Venus is in general readily recog- 
nised by her brilliancy and considerable apparent magnitude, as well as by her 
proximity to the sun. In consequence of this proximity she is visible always 
at the time of sunrise and sunset, and hence she has received the name of 
‘morning and evening star (Lucifer and Hesperus). An atmosphere and lofty 
mountains have been observed in this planet, and a rotatory motion about her 
axis, which lies nearly in the plane of her orbit. 
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76. The superior planets describe their paths around the sun and earth, and, 
consequently, they enter into conjunction, opposition, and quadrature to these 
bodies (see § 65). The nearest to us, viz., the planet Mars, is distinguished 
by a remarkable dusky-red light (colour), which has been ascribed to a very 
high and dense atmosphere. 

Mars is likewise remarkable for his oblateness, which is produced by the 
motion round his axis, as well as for the bright spots observed in the vicinity 
of liis poles, forming the so-called snow-zonm^ which decrease when the pole, 
where this phenomenon is observed, is turned to the sun ; similar to the phe- 
nomena observed on the polar regions of the earth. 

Jupiter is distinguished both by his splendour and by his magnitude, being 
the largest of tlie planets, as has been shown in Table I., as well as by dif- 
ferent belts or zones which are parallel with his equator. An atmosphere has 
been attiibuted to this mighty planet. The velocity of its rotatory motion is 
enormous, being accomplished round its almost perpendicular axis in the space 
of 10 hours, or at the rate of 28,000 miles an hour. Its oblate figure is (Com. 
Phys., § 56) a consequence of the celerity of its rotation ; its diameter at the 
poles compared with that of the equator is as 13:14. 

This stupendous planet is accompanied by four rtwons or satellites which 
present similar appearances to the inhabitants of Jupiter, as tlie moon to us. 
Although these moons are considerably larger than ours, they are only visible 
by telescopic aid. They are remarkable as affording data for calculating the 
velocity of light. As these moons revolve around Jupiter, they enter from 
time to time in the umbra of tliis planet, and are eclipsed. After the moment 
of imraergence and emergence had been exactly calculated, it was found that 
at the time of conjunction, when the earth and Jupiter arc 193,662,000 miles 
distant, the eclipses of Jupiter’s satellites appear considerably later than when 
the same phenomenon takes place at the time of their opposition, when the 
two planets are nearer to each other. The last rays of a satellite, disappearing 
in the shadow, reach us some time after the body is actually eclipsed, conse- 
quently the light requires a certain time to travel to tlio earth, and this time 
amounts to a second for 195,000 miles. 

77. The planet Saturn is peculiar for an annular disc which surrounds it in 
the neighbourhood of its equator, and rotates freely round the planet. It is 
only visible to the aided eye 
in certain positions, viz., when 
Saturn is in the signs of 
Arles and Cancer (fig. 48). 

By attentive observation, this 
disc is discovered to consist 
of three rings, which like the 
mass of the planet are solid, 
and cast a shadow, clearly 
visible on the surface of the 
planet. This ring may be 
represented as consisting of 
a large number of small 
satellites arranged in a contiguous annular fon6, and performing their revo- 
lutions round the planet in the same time. 
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Besides the ring, Saturn is accompanied by seven moons revolving round 
him at greater distances, and are likewise only visible by the aid of a powerful 
telescope. 

78. Till lately Uranus was the most remote planet of our system ; it is 
scarcely visible to the naked eye, and was unknown to the ancients. It js 
attended by six satellites, of which only two have been accurately observed. 

The recently-discovered planets we shall notice below. 

Planetary System. 

79. The renowned Ptolemy who lived about the middle of the 2nd century 
of our era, and who belonged to the* celebrated A lexandrian school, made the 
first attempt to classify and explain the phenomena of the heavenly bodies, by 
laws founded on observation. Antiquity solved all such questions as might 
originate in an enlightened curiosity on mythic principles, poetical and fanciful, 
sometimes lieautiful, but very illogical and unscientific. 

According to the Ptolemaic system, the earth is in the centre of 11 hollow 
spheres, arranged concentrically within each other, and consequently placed 
at different distances, and of coiTOspondingly increased magnitudes. -' In each 
one of these hollow spheres, which were necessarily supposed to be of the purest 
crystal, the heavenly bodies were arranged in the following order, viz., the 
Moon, Mercury, Venus, Sun, Mars, Jupiter, and Saturn: in the eighth crys- 
telline sphere the fixed stars were supposed to be placed. The last three were 
reserved for the explanation of certain other j)henomena. 

It is evident that this s)\stem is decidedly contradicted by many phenomena, 
and as this was then manifest, the Egyptian planetary system was proposed as 
an improvement. Mercury and Venus were made satellites of the Sun, who 
still continued his journey around the earth. Still many remarkable pheno- 
mena were unexplained, and especially the peculiar movements of the planets 
described in § 72. This portion of the science appeared so enigmatical, that 
its votaries were compelled to take refuge in many fantastical assumptions. 

The true system of the universe was undiscovered till near the middle of 
the 16th century, when Copernicus, who was born in 1478, and died in 1543, 
comprehended this vast problem, and originated the happy idea of the true 
solar system, an idea which he cherished during the whole course of his life, 
and laboured to establish on the sure basis of reckoning and observation. 
He maintained that the sun was the centre of the system, that the planets 
moved around the sun in circular orbits, and he farther taught that the daily 
motion of tlie heavenly bodies was only apparent, and caused by the rotation 
of our earth, 

The persecution of Galileo, the eminent llalian astronomer, is a proof that 
tLe spreading of such new cosmical doctrines was not unattended w'ith danger 
to their supporters and abettors. This great man, who adopted and farther 
developed the Cppernican system, was compelled to recant his real opinions, 
and to profess his belief in the immobility of the earth, because the whole 
system stood in verbal opposition to some passages in the Holy Scrip- 
. tures. 

80. There were still several inexplicable phenomena, such as the change of 
planetary velocity, at certain periods, and the evident alterations of their appa- 
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rent magnitudes, both appearances inconsistent with the assumption of their 
moving in perfectly circular orbits. 

At this period ap|x?ared the great Keppler, bom at Weil, in Wurtemberg, 
1571, who availed himself of all the hitherto ascertained facts connected with 
Astronomy, and especially of the observations of his distinguished contemporary 
Tycho Brahe ; by these means Keppler develojMjd the ever-memorable laws, 
whicli have rendered his merits unsurpassed and his name immortal. This 
illustrious man had to maintain a fearful struggle with the common domestic 
miseries of life, and with the outward calamities of war, was driven from one 
place to another, with no earthly possession, but his own elevated conceptions. 

81. Keppler’s laws arc the following; — 

1. The orbits of the planets are ellipses^ which have a common focus 

wherein the sun is placed. 

2. Equal areas are described by the planets in equal times; that is, the 

radii vectores drawn fr'.m the fbcii (§13) to the planet, will 
always stretch over an equal space in the same durai^ion of time 
in which the planet itself moves, it being indiflerent what portion 
of its orbit the planet may in the meanwhile traverse. 

3. The squares of the times of revolution of any two planets are to 

each other in the same proportion as the cubes of their mean 
distances from the sun. 

The world-renowned Newton, placed the key-stond upon the noble edifice 
founded by his great predecessor. By the discovery of the law of gravitation, 
he completed the theoretic view of the planetary system. He demonstrated 
that the cause of all the motions of the heavenly bodies originates in their 
mutual attraction towards each other ; and also that this attractive power in- 
creases in jjroportion to the masses of the bodies attracted, and diminishes the 
farther the attracting bodies are distant from each other. (Physics, § 24.) 

The Newtonian laws explain how all the planets, whose united magnitudes 
are not equal to that of the sun, arc bound to the latter by the invisible bond 
of attraction, and how the satellites, as our moon, with those of Jupiter and 
Saturn, are connected witli their primaries. 

82. By the establishment of these laws, astronomers were in a condition to 
sup]dy many deficiencies, and to correct many errors which still existed in the 
science ; eveiy discovery, and eveiy new and careful observation, served to con- 
firm the truth of these principles. 

The extensive space between the orbits of Mars and Ju])iter led to the idea, 
that an unknown planet must exist between them ; the consequence was that 
four small planets, viz., Pallas, Jum, Ceres, and Vesta, were discovered, 
and they are supposed to be fragments of a greater planet, Concemirjg 
the newly-illscovered asteroids we have not yet obtained very satisfiictory 
accounts. 

There is no doubt that the planets have a mutual attraction for each other, 
which in certain parts of their orbits, where they approach, is sensibly felt. 
The irregularities apparent in the motion of certain planets have been referred 
to this cause ; they have been named disturbances or perturbations, and have 
been in some cases exactly calculated. 

From inexplicable perturbations of the planet Uranus, it was conjectured 
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that another planet must be in existence, and its place was even determined 
by calculation : thus the recently-discovered planet Neptune, which in con? 
sequence of the feebleness of its light would probably still have remained & 
long time unobserved, was shown to exist. 

Comets. 

83. On the nocturnal heavens, from time to time, there appear luminous 
bodies consisting of a more brilliant star-like portion, called the head^ which is 
commonly followed on the side turned from the sun by a luminous tally which 
frequently measures millions of miles in length. 

These bodies are called cometSy and were long deemed supernatural prognos- 
tications of great events, the harbingers, too often, of terrible calamities. It is 
not long since the appearance of a comet was considered a cause for general 
alarm. 

But since the nature of these irregular visitants of our skies has been inves- 
tigated by astronomers, and the periodicity of some ascertained, they have 
ceased to be objects of terror and superstitious dread, 

84. Comets are material bodies deriving their light from the sun. Their 
substance is of such extraordinary tenuity, that even through their nucleus the 
light of distant fixed stars is plainly visible. They are certainly attracted by 
the sun, as their motions are accelerated and their brightness increased when 
nearest to this luminary. 

Like the planets they are subject to great irregularities in their orbits, only 
in a much higher degree : and they also differ from the planets in not being 
limited to the plane of the ecliptic, but moving in all imaginable directions, 
sometimes approaching so near the sun as to be absorbed in his splendour, 
and on their reappearance receding from the sun till they are gradually lost in 
tlie immensity of space. Hence a comet is visible only for a few days, or 
weeks, or months ; they are never seen for longer periods. 

By very accurate observation it has been ascertained that their orbits like 
those of the planets are elliptical, but of greater eccentricity, so great, indeed, 
that their periodicity is of very long duration ; and some of the most remark- 
able and beautiful comets, as those of 1680 and of 1811, are expected to 
return in from 1,500 to 8,000 years. 

Some, on the other hand, reappear after shorter intervals, as those named after 
Halley, Enke, and Biela, which have been accurately calculated by these 
astronomers. The first has been determined to complete its revolution in 
from 75 to 76 years, the second in three years and 115 days, and the last in 
6 years and 270 days, and they have been several times observed after these 

intervals. 

Hitherto about 500 comets have been seen, of which number not probably 
,^ar«.than 150 have been accurately observed. According to astronomical 
bb^frfvations, the greater part of them appear to describe orbits which are neither 
circular nor elliptic, but parabolic (§ 14), and, consequently, their return is 
impossible, being lost in infinite space, and they are no longer to be considered 
as constituting a part of our solar system. It has been, however, conjectured 
that the number of comets belonging to our system may amount to about a 
million ; and since they present themselves in all directions, we may assume the 
realm of the sun to be not a circular plane, in the centre of which is placed the 
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sun, and in whose circumference the plane'ts move, but we must imagine the 
occupied space of our solar system to be of a globular form. If it be desired 
to convey an idea of the solar system by a model, this may be easily accom- 
plished by means of a great number of hoops of diflbrent diameters, inclined 
to each other in all directions around a common centre ; the diameter of the 
exterior being not less than 400 diameters of the earth’s orbit, therefore 
upwards of 78,776 millions of miles. 

System of toe UyivEiisE. 


85. After it Ijad been satisfactorily deterniiiiet! that the sun has a rotatory 
movement about his axis, the conjecture was entertained that this body has 
also a progressive motion at the same time. Wo have indeed satisfactory 
accounts of observations confirmatory of this fact, viz., that the sun moves 
towards a point in the firmament wdiicli is situated in tlie constellation of 

His real path or orbit is, however, of such exceedingly enormous 
ejctent that the progress of the sim cannot be ascertained till after a lapse of 
mail}' years, and especially as all the bodies belonging to the solar system 
necessarily accompany him in this progress. 

It may at all events lie admitted, that there is a point in the heavens al)out 
which our eiitinj solar systeni revolves, in the same manner as Jupiter and his 
satellites move round the sun. 

More extensive observations of the heavenly bodies have confirmed the con- 
viction, that the fixed stars constitute the centres of innumerable systems, which 
are in part like that of our sun, and in part composed only of two stars wJiich 
at a short distance from each other, revolve round their common centre. 
'These arc named binary or double stars, and the number hitherto observed 
amounts to 4,000. 

According to Herschel,* the sun is a portion of a systeni of a higher order, 
which may be represented as of a lens form, fig. 49. Here the position of 
our system is indicated by the little circle 0. It is evident that the lioavens 
will ])resent to our view fewer stars when wo look upwards tir downwards, 

than when we look in the direction mm\ In 

the latter casi? we have a view through layers of 
stars ]i laced behind each other, and forming a 
thickly studded zone around us which we have 
in § 46 described as the Milky Way. It must, 49. 

however, be admitted that the above-mentioned view regarding the arrange- 
ment of our solar system is by no means unquestioned. 

86. But if we consider the nebulous specks that are dispersed among tlie 
constellations, many of which by means of very powerful telesco])es have been 


* Uerscliel (born in 17.-J8, died in 1822) came to London in 1759, as a musical composer 
anci professor. He subsequently devoted himself to the study of astronomy, and engaged in 
the construction of telescopes, with the view of procuring funds for the erection of a larger 
instrument than had hitherto been employed. He was so successful, that finally he acquired 
the means of possessing one of 40 feet focus, viz., the gigantic telescope which surjjassed in 
power all instruments previously constructed. Wherever Herschel turned his instrument 
new celestial wonders, not hitherto even surmised, disclosed themselves to his admiring eyes. 
He has the honour of being the discoverer of the world of fixed stars. The telescope is no 
longer used, and has been converted by his distinguished son, Sir J. Herschel, into a monu- 
ment in memory of his illustrious parent. 



182 


ASTRONOMY. 


resolved into groups of stars, while others cannot be so identified on account of 
their vast distances, ought we not to conclude that these very remote and 
indiscernible bodies form the Milky Ways of other stellar systems? 

When we consider that the nearest of the fixed stars is, at the very least, 
200,000 times the radius of the earth’s orbit distant from us, and that three 
years would elapse during the passage of light from that body to our globe, it 
may be assumed that a period of 25,000 years would be requisite to bring to 
our eyes the light from one of the most remote nebulous spots, and tliat 
consequently the distance of this remote object must be 152,163 billions of 
miles. I, 

Thus we have from the little beacon of our earth, on which we have been 
placed by an Almighty Hand, taken a comprehensive survey of the solar 
system ; we have also seen that this forms only a part of an infinitely higher 
order, which last may only be a smjill part of the infinite whole. Here we 
find ourselves beyond the bounds of the comprehensible, and are aware that 
imagination herself is lost in these wonderfully-sublime speculations. 

The majesty and omnipotence of the Most High are displayed to our won- 
dering gaze and to our bewildered minds, and we are ready to exclaim with 
the ])rophct : “ Uft up your eyes on high^ and behold who hath created tlwse 
fhings,^^ 



[Sir Isaac Newton.] 
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1, CiTEMiSTRY is the science of those phenomena which are attended by an 
escential change of the ol.)jccts in which the phenomena are observed, or in 
those which serve for their production. 

When a piece of wood or a fragment of coal is burned, or a bar of iron 

rusted, those objcois, in liict, softer an essential change, and a series of pheno- 
mena must be exhibited in order to restore these various bodies to their original 
condition. 

An object changed by chemical action has naturally acquired new pro- 
perties, otherwise we could not say that it is changed at all. Hence chemical 
phenomena are characterised by this important distinction, namely, that their 
results are always the production or appearance of a body endowed with new 
qualities. The rust observed ou the iron, which is tlie result of chemical 
action, is essentially very diflbrent from the iron itself. 

But we shall be in a better position to ascertain the changes a body under- 
goes by acquiring a precise knowledge of the properties it possessed before it 
suiFered the chemical change. Hence the object of chemistry is to ascertain, 
first, the essential nature of bodies, tlien the changes which they undergo, and, 

s 
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finally, the characters of bodies endowed with other properties, the results of 
this change. 

2, We have been taught by the science of Physics (§11) that every body 
is assumed to bo composed of an ao^glomeration of exceedingly minute atoms. 
If, now, we examine diflerent bodies, we find tliat the atoms or molecules 
winch constitute their mass are in most cases of dissimilar qualities. There 
are two processes whereby we arc (»njiblcd to i^rove this. The preparation of 
the beautiful crimson colour known under the name of cinmhar, or vermilion, 
is conducted in manufactori(\s in the following manner : 1 6 parts by weight of 
sulphur are fused, and then 100 parts of niHicury are gradually addend, when a 
black mass is produced. This is placed in a covered jar, and exposed for a 
long time to a high temperature. On breaking the jar, wh(‘n it is cold, we 
find at the up])er part of it a red mass which, when finely pulv(‘rized, forms 
the vermilion of commerce. In carefully-conducted and succeshful operations 
we obtain an amount of vermilion nearly ecpial in weight to that of the sulphur 
and mercury employed, lienee we may jiLstly assume that iji the vcTmilion 
there is only sul])hur and mercury present. If we mix IIG ])arts by weight 
of vermilion with 28 parts of iron filings, and heat it in a retort, vve obtain in 
the receiver nearly 100 ])arts by weight of metallic men'ury (seePhys., § 129). 
In the retort remains a black mass amounting to 44 \ydYU by weight, and 
which is called sidphide of iron. In addition to the 28 parts of iron which 
have been added, it contains the 16 parts of suli)hur winch had previously 
formed with the mercury the vemiilion. 

These two simple experiments te«"ich us that in the minuh'st particles of ver- 
milion two diflerent elements are present, namely, mercury and sulphur, and 
although they cannot be distinguished by the best micros(‘«)pe, we can easily 
prove the fact by the above-mentioned process. In the following pages many 
other instances of chemical affinities will be adduced. 

There are, therefore, bodies whose minutest constituent particles possess dif- 
ferent properties ; such bodies are called compouiul bodies. 

We shall be frustrated in all our attempts to obtain sul])hur by the mutual 
fusion of non-sulphurous bodies. In a i)iece of pure sulphur, on the other 
hand, it will be efpially vain to se(*k for the least particle of any substance but 
sulphur alone. The same* is the case with many other bodies ; for example, 
we are unable by the aid of the most powerful microscopes to find in gold or 
iron the least particle of any substance but gold or iron. 

Those bodies which are constituted of perfectly identical particles arc called 
ehmniary Ixxlics, o^. briefly dements. 

3. The number of elements at present known is 63 ; but many of these are 
of little importance and rare occurrence '^foe&tabulgj; view annexed aftbrds 
a statement of such bodies as are of more frequenPwcurreiice, arranged ac- 
cording to their properties. We merely give the names of the others. 

The greater number of elements are Insfarous bodies, and these we term 
metals,' Those which do not possess this property wo term mpialloids, or, 
more properly, mn-inetallic elements. We also distinguish solid, liquid, and 
gaseous elements, and amongst the metals such as have only a trifling specific 
gravity, and others which are more dense. 
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Tabular View of Eli?mentaiiy Bodies. 


II. 

28 
27'G 
29-5 
29- G 
31*7 
56 
2J3 
103*7 
58 
32* G 
26-7 
129 
100 
108-1 
197 
98*7 


♦ 'Vhc loiters unikr I. indicate the syTnl>ols of the elenio.nis; the numbers in tl»o secend r<.>w, 11., are 
tJic i)roiK)rtioiiate wtdghts in which the elements combine with eacli other. (See § 15 and lU.) 

The names of the rarer elements are as follov'S : — Beryllium, Cerium, 
Didyniium, Erliiuni, Iridium, Lanthaniiini, Molybdanum, Niobium, Norium, 
Osmium, Palladium, Pelopium, Uhodium, Kuthonium, Selenium, Tantalium, 
Tellurium, Terbium, Thorium, Titanium, Uranium, Vanadium, Tungsten, 
Yttrium, Zirconium. 

4. An element hy itself is incapable of change, — Wo may select any one of 
the simple substances above mentioned, and so long as it is kc^fit from external 
contact with other bodies it will retain imaltered its own essential property or 
character. Sulphur may be, by heat, fused and converted into vapour, but in 
both conditions it retains its essential pro]Xirties, Bight, elec^tocity, or;ina^- 
netism are, per se, also incapable of changing an elem(>nt^ 

"^^rX!Ker&al phemimna edn he produced drily ty the contact of at hast two 
dissimilar elements. — Iron, exposed to moist air, rusts ; suliiliur and mercury, 
united by heat, entirely lose their properties, whilst a third body, with new 
properties, via., Ycrniilion, appeara iu their place. 

6. The following mode of illustrating the different chemical combinations 
has been adopted. Simple substances are comjiosed of the minutest particles 
of matter, which are perfectly homogeneous. 

Thus the fragment of sulphur. A, %. 1, is 
composed of exceedingly minute particles of 

sulphur, a and the piece of mercury, 

B, fig. 2, consists of similar minute particles 

of mercury 6 Betw^een. the particles 

of one body and the particles of another a 
mutual attraction takes place, which is termed chemical affinity. 



I. Non-Metallic Elements. II. Metallic Elements. 



I.* 

II. 


I. 

n. 


I. 

a. Gaseous. 



a. Light, 



b. Heavy, 


1. Oxygon - - 

0. 

8 

14. Potassium 

K. 

39 

21. Iron - - 

Fe. 

2. Hydrogen - 

H. 

1 

15. Sodium - 

Na. 

23 

22. Manganese 

Mil. 

3. Nitrogen 

N. 

14 

to. Calcium - 

Ca. 

20 

23. Cobalt - 

Co. 

4. Chlorine 

Cl. 

35-5 

17. Barium - 

Ba. 

68-5 

1 24. Nickel 

Ni. 




18. Strontium 

Sr. 

43-8 

1 25. Copper - 

Cu. 

b. Liquid, 



19. Magnesium 

Mg. 

12*2 

i 20. Cadmium 

Cd. 

5. Bromine 

Br. 

80 

20. Aluminum 

Al. 

13-7 

; 27. Bismuth - 
j 28. Lead - - 

Bi. 

Pb. 

c. Solid, 






j 29. Tin - - 
1 30. Zinc - - 

Sn. 

Zn. 

G. Iodine - - 

I. 

127-1 




: 31. Chromium 

Cr. 

7. Fluorine (?) 

FI. 

19 




; 32. Aniimony 

Sb. 

8. Carbon - - 

C. 

6 




33. Mercury - 

Hg. 

9. Sulphur 

s. 

16 




i 34. Silver 

Ag. 

10. Phosphorus 

P. 

32 




; 35. Gold - - 

Au. 

11. Arsenic 

As. 

75 




' 3G. Platinum 

Pt. 

12. Silicium 

Si. 

21-3 






13. Boron - - 

! 

Bo. 

_J 

10-9 




j 
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In consequence of affinity, a particle of one body is brouglit into the closest 
contact with one particle of the other body. During this intimate contact 
of the difierent particles their peculiar properties disappear, 
and a compound substance appears, with new qualities. Thus, 
in bg. S, the particles of sulphur, a, appear iu connection with 
the particles of mercury, h, and compose the compound par- 
ticles, a 6, of the vermilion. 

The particles united by chemical attraction appear, as it 
were, to be combined together, wherefore the body produced 
is termed a compound body, or a cJiemcal compound, and the different simple 
elements uniting to compose such a body are called the constituents of the 
compound. 

7. Although all bodies have a mutual affinity to each other, still the measure 
or degree in which different elements are cayjable of combining is very dis- 
similar, and in the ])rcsent state of our knowledge we are unable to account for 
this diilerence. Su[)pose, for example, we bring into contact sulphur, iron, and 
mercury, all of which have a mutual affinity for each other, yet the sulphur 
will unite with the iron and not with the mercury. And hence the important 
deduction has been estixblished, namely, that when certain substances are 
brought into contact with each other, tliose always first unite which have the 
greatest mutual affinity. 

When simple substances have been thus combined, they remuin in this condition 
till some external operative cause dissolves the union and separates again the dif- 
ferent particles that were in intimate connection. It is comprehensible that, in 
this case, the qualities bf the compound body disappear, and that its constituent 
])arts again appear, each with its peculiar characteristics. We signify the sepa- 
ration of the jiarticles of the compound by the term decomposition. 

8. There are various causes which induce a decomposition of chemical com- 
binations. In many compounds the mutual attraction of their constituent parts 
is so small that little more than a shake is required to effect their separation. 
For example, a* gentle blow on fulmimting silver sufficient to cause its 
instant explosion or decomposition. 

Heat is likewise an influential agent in the production of chemical decom- 
]>osition. While it possesses the jiroperty of expanding bodies and of dimi- 
nishing the cohesion of their jiarticles, it has a tendency to counteract chemical 
attraction in all cases, and in many to overcome it. When common limestone 

burned, that is, whon submitted to intense heat, it is essentially changed. A 

gaseous body (carbonic acid) that previously existed in combination with it, is 
separated by the influence of the heat. The decomposition of many combina- 
tions by light is not so easily explicable. 

Jf a current of electricity be conducted through a chemical compound, the 
attraction of the particles is diminished to such a degree, that at y)resent no 
combination ia known which can resist the decomposing influence of a powerful 
stream. We shall have an opportunity in the sequel of directing our attention 
more especially to these phenomena. 

In the majority of cases of this kind, the stronger affinity which one substance 
has to another, is the active cause of the decomposition of chemical compounds. 
Suppose, for exam])le, we heat, as shown in § 2, vermilion, which consists of 
sulphur- and mercury-particles (HgS), with iron (Fe), the latter combines 
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with the sulphur by reason of its stronger affinity for this element. The par- 
ticles of iron attract the suli)hur-particles from the mercury, and the latter is 
consequently released from its combination, and set at 
liberty, as in figs. 4 and 5. 

Whenever we thus employ chemical affinity to the 
reduction of a compound substance, we obtain, on the 4. • 

one hand, a neio compound, whilst, on the other, con- 
stituent of the former compound is set free. 

9. We will not leave this subject without premising a 

few reflections intimately connected with a just and j )erfect 5. 

comprehension of Nature, and especially of the earth and its manifold aspects. 

The earth, together with its atmosphere, forms an entire whole, consisting 
of a certain number ot elements. These elements are present in very unequal 
quantities, and mostly only in mutual combinations. In tliis manner have been 
produced the infinitely-diversified forms and cjualities of the objects that sur- 
round us. For as, by the various combinations of a few alphabetical signs or 
letters, an endless series of words that compose the different languages of man- 
kind can be formed, so the few elements, combined in different groups, without 
exception, constitute the immense variety of objects which everywhere sur- 
round us. 

There is never so much as a single particle of matter belonging to the earth, 
nor of any object in or about it, that can be utterly lost. If wo burn a piece 
of wood, vv’'e only change or alter the condition of its constituent parts. 
During the process of combustion, these elementary constituents, instead of 
remaining solid and ligneous, assume new gaseous and Other invisible forms of 
anubination ; they disa]f)pear to us, but i)ass not beyond th(» sphere of our ter- 
restrial atmosphere. When we come to the treatment of tlui food of plants, 
we shall prove that the constituent parts of the lairnt wood which enter the 
atmosphere, in the form of new combinations, are again capable of reduction, 
and of being once more placed in a condition to Ibnn ligneous matter. 

10. Hence, no particle of matter is ever entirely amnliilafed, and from this 
it also follows, that we are utterly incapable of producing, or of creating, the 
least material atom. When, therefore, we speak of the preparation or pro- 
duction of a l)ody, we moan merely tlic separation of a body fi\)in a chemical 
compound, in which it already exists, or else the formation of the same, from 
its constituents in certain definite proportions. 

A particle of sulphur ever remains the same individual indestructible atom 
of sulphur ; and only in chemical union with otlier bodies, does it disappear to 
us, and is incapable of detection by the perceptions of the senses. But when 
we dissolve this chemical union, it ajipears again, with all its essential charac!- 
teristics, being liberated from the combining influence of other substances. • 

11. Chemical affinity does not manifest itself, under all circumstances, ' 
between different elements. There are bodies which have powerful affinities 
for others, that can remain in contact for years without entering into combina- 
tion. Colmion is the most powerful obstacle to the operation of chemical 
attraction. That power which holds the individual particles of a simple 
body in connection, counteracts the power of affinity, and prevents these parti- 
cles from losing their coherence, and consequently from entering into combina- 
tion with other bodies. Hence, it is a general rule, that the greater the power 

s 3 
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of cohesion, the less tlie tendency that exists between any two bodies, to 
enter into chemical combination. All causes which diminish the colicsion 
of bodies, promote their capacity for chemically combining with each other. 
Therefore, heat, which is in very many cases the most efficient medium of 
weakening the pdwer of cohesion, is brought forward in aid of aflinity. This 
agent reduces many bodies to the fluid state, and renders their particles easily 
moveable, whereby they a|ge in a condition to follow the action of affinity, 
and to unite themselves with the particles of another body. Fluid bodies are 
already in this favourable position ; hence, they are in a high degree ])eculiarly 
susceptible of chemical union. We shall subsequently see that water is a 
very powerfliJ agent in tlie reduction of bodies to a fluid condition; that is, to 
dissolve them, or hold thorn in a state of solution, by which their particles are 
maintained in the requisite degree of mobility. 

12. The ffases, being bodies or substances possessed of little or no cohesive- 
ness, might be supposed to be ])eculiarly susceptible of chemical attraction, and 
to combine together with the greatest facility. The case, however, is difierent 
from what we should imagine ; for example, oxygen and hydrogen, or chlorine 
and hydrogen, may be brought into mutual contact ; yet, except under peculiar 
circumstances, they are incapable of chemical combination ; still they have, 
notwithstanding, a strong mutual affinity, and their particles being gaseous, 
possess no cohesion. Consequently, gaseous particles a|)pear to be too widely 
separated to allow chemical attraction to oi)erdtc on both with energy sufficient 
to unite them. Most combinations containing a gaseous element may be 
decomposed by a higher temperature which increases the expansibility of the 
giis, and finally overcomes the influence of chemical attraction. We also 
j)erceive that the same cause, viz., heat, is in certain cases an auxiliary of 
affinity, and in others, it counteracts and finally destroys it. 

Different kinds of Combinations. 

13. Heretofore we have assumed that chemical combination consists in the 
union of a y)articlc of one simple body with a particle of another sim])le body. 
Although hereby indeed a great multiplicity of combinations can be produced, 
yet this is not the only possible way in which bodies can unite. In a great 
number of chemical com|)ounds, there are three, in others /bu?% and in some, 
jh've different })articles in combination. Examples of a greater number of dif- 
ferent elements, united in chemical combination, are exceedingly rare. 



6 . 


• Fig. 6 represents combined, or rather grouped, particles which consist of 
2, 3, 4, and 6 simple molecules. It is to be remarked, that by far the greater 
number of chemical combinations, consist only of two or three dissimilar par- 

llcles. Tliose containing four or five are by no means numerous. 

It would, however, be erroneous, and contrary to the fact, to infer that the 
multiplicity of simple materials, capable of uniting with each other is exhausted 
in the above-cited examj)les of combination. An infinite series of chemical 
com])ounds is disclosed to our view by the capability of the j)articles chemically 
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to iiiiito, not only in pairs, but in several other relative proportions. Thus, me 
particle a combines not only with one particle 6, but also with 2 6, 3 6, 4 n b. 
Moreover, several particles of a can combine with several of 6, for exam]»lt\ 
2 a with 3 6, 56, 7 6, &c. Indeed, frequently we find several particles «:>f 
three, four, or five diflerent elements grouped together in oft chemical com- 
])ound. To assist the comprehension, we will represent such a group, and then 
])rove the fact by examples. The two elements oxygen O, and sulpliur S, form 
the following series of compounds : — 

Ilyposulphurous Acid. Sulphurous Acid. Sulphuric Acid. 



It will be now easy to understand what is meant by the expn^^sion different 
degrees of combimtion of bodies. A glance at the above series will show why 
sul})hurous acid is said to be a loimr^ and sulphuric acid a higher, degree of 
combination of oxygen and sulphur. It is much more difiicult to imagine such 
groups of compound bodies, which consist of several particles of three or four 
dificrent elements. Before ])roce{3ding farther, we may mention, as an example, 
that an atom of sugar is to be considered a group of six particles of carbon, 
five of hydrogen, and five of ox}’gen. 

14. A compound body may admit of combination with a sGcon<i body of 
equally complex composition-; hence, there is Ibrnied a compound of the 
second order. Thus, sulphuric acid unites with potassa, and forms a sulphate 
of potassa (KO,SOg). When diflerent combinations of the second order are 
re-combined, there arise those of the third order, of which alum (Al 205 „ 3 S 03 
-f- KO,Sp 3 ) is an example. The latter combinations are, however, of unfre- 
(]ueiit occurrence, and in the course of describing the individual compounds, 
we may obtain gradually a clearer comj)rehension of their nature. 

15. In order to express chemical compounds, a number of symbols have been 
introduced, which are extremely convenient in the study of chemistry. The 
initial letters of the Latin names of the elements have been chosen, of which 
examples are given in the tabular view (§ 3) in the column I. In chemistry, the 
letter S represents an atom of sulphur, Hg an atom of mercury, and so on. 
Hence, if the symbols HgS arc placed together they represent an atom of a 
chemical compound of mercury and sulphur, which is callcul vermilion, in the 
same manner, as if an atom of mercury and an atom of sulphur HgS were, as 
in § 8, placed in contact with each other. HgO is the compound of an atom 
of mercury, with an atom of oxygen (oxide of mercury); SO^ is a com- 
bination of one atom of sulj^hur with tioo of oxygen (suli)hurous acid) ; SOg 
indicates the higher proportion in which these elements combine to produce 
sulphuric acid, consisting of om part of sulphur, and three parts of oxygen, &c. 

IG. The elements combine with each other in definite unalterable pro- 

portiom by wight. The tabular view of the simple substances given in § 3 
represents in column No. II. these proportionate weights. They are the 
result of many experiments, conducted with the greatest care and persevering 
energy. They are termed the equivaknts, atomic, or proportionate mights 
of the elements. 
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The cause of combination in definite proportions by weight depends chiefly 
on the principle stated in § 6, viz., that even the smallest ])articles of bodies 
have definite weights, varying much from each other. Accordingly, those 
numbers expresjyiothing more than the weight of one of the minutest j)articles 
of each of those Rmple substances. 

I Consequently, when an equivalent of sulphur, that weighs 16 parts, combines 
)with a particle of mercury that weighs 100 y)arts, a compound particle of 
vermilion is produced, which weighs 116 jmrts. In fact, if we tleconipose 
116 ounces of vermilion into its constituents, wo obtain 100 ounces of mercury, 
and 16 ounces of sulphur. Again, as water consists of one equivalent of 
oxygen, which weighs 8, and one equivalent of hydrogen weighing I, the 
two, combined with each other, represent 9 parts by weight of water. As- 
suming, therefore, the water to be perfectly pure, it follows that 9 i)}irts will 
invariably contain 8 parts by weight of oxygen, and 1 part of hydrogen. 

If we place the symbol S, which denotes an equivalent of sulphur that 
weighs 16, and Hg, a particle of mercury, weighing 100, HgS will then 
represent tlie compound of the two elements, weighing 116 parts. \ Hence, 
chemical symbols have a double value, for they do not merely exj^ress of 
what, and of how many equivalents a compound is composed, but, in addi- 
tion to this, they indiciite the proportionate w'eights in whicli the elements 
are held in com bination This may be farther illustrated by an example. 
The symbol HgO, oxide Of mercury, signifies not mercjly that this compound 
consists of one equivalent of mercury and one equivalent of oxygen, but alsr 
that 100 parts by weight of the former are combined with 8 parts of the latter, 
to form 108 parts of the oxide of mercury. SOg represents sulphurw add » 
a compound of one equivalent of sulphur, with tlireo equivalents of oxygen, or 
of 16 parts by weight of sulphur with 3 X B = 24 of oxygen^ which, together 
amount to 40 ])arts by weight of sulphuric acid. 

As we know at c glance by these symbols, thrt in 116 ])arts by weight of 
vermilion, 100 parts of mercury are combined with 16 })arts of sulphur, so w . 
may easily calculate how much of each of these elements is contained in 100, 
or in 30, or in any assign 3d quantity by weight of vermilion. Suppose 1 00 lbs. 
of vermilion are to be prepared, how many pounds of mercury and sulphur are 
required for tliis purpose ? 

(1.) The quantity of sulphur a; is to 100 as 16 is to 116, or: 

x: 100 = 16 ; 116 ; hence x = ^ = 13* 7. 

116 

(2.) The required quantity of mercury y is to 100 as 100 to 116 ; thus; 

y: 100 = 100: 116; hence 3^ = = 86 ’3. 

. Therefore, in preparing 100 lbs. of vermilion, we employ 13*7 lbs. of sul])hur 
and 86 • 3 lbs. of mercury. These numbers express the perce7vt.age weight of 
sulphur and mercury contained in 100 parts of vermilion. 

. The knowledge of the proportional numbers in which simple substances 
mutually combine presents still another advantage. Supj)Ose we are required 
to state how much vermilion can be obtained from 30 lbs. of mercury, when 
the same is combined with sulphur. 
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The required quantity of vermilion x stands to the given proportion of 
mercury, 30 lbs., as 116 : 100, consequently ; 

a? : 30 = 116 : 100 ; therefore x = = 34*8. 

Thus, if the combination is properly effected, 34 • 8 lbs. of vermilion ought 
to be obtained from 30 lbs. of mercury; hence 4*8 lbs. of sulphur are requi- 
site. If less than this quantity of sulphur be employed, the whole of the 
nuacury will not be converted into vermilion. If more than 4- 8 lbs. of 
sulphur be used, the superfluous sulphur does not combine with tlie mercury, 
])ut it either remains mixed with the vermilion, or it is volatilized by the heat 
applied during the process of combination. Only those who are ignorant of the 
Jaw of definite proportions, whereby the elements are ca|)able of combining 
with each other, could assert that from 30 ll)s. of mercury more than 34*8 
]:)Oiinds of vermilion can be prejwed. TJiis law of chemical combination is as 
certain as tli«it 3 and 4 added together amount to 7 and not to 9 or any other 
number. 

8 ev»*ral significant letters placed in contiguity and representing a compound 
'"•e called a chemical formula^ he moaning of which, after what has been 
ted, cjin present no difficulty tc tlie student. Tlic formula SO 3 , therefore 
( -quotes the following ; — 



CoMrosiT-oN OF Scuniuruc Acid. 


Formula, 

. mbor of 
Equi\^ilents. 

Constituents. 

Coiuhining 

I*ro]»*jrtiou. 

l^ercentago 

Weight. 

S 

=r 

Sulp.iiir 

= IG 

40 

0 -, 


Cxyj^eii 

= 24 

GO 

so. 

= 1 o(iuiraloiit of Sulphuric Acid 

= 40 

100 


Geneual Proi’Krties ok On: JoMrouNDs. 

17. While wo direct our attention h ve ^o the general properties of chemical 
romj)oimds, we are r-^^t to und tand ^hc’rcby those gcnieral ])roperties of 
l)odies which have beer, already described in Physics (§ 16). On the contrary, 
we intend to indicate their most general cJiemiml characters, particularly the 
manner in which they deport themselves towards other bodies ; if any, and 
what kind of changes are produced in them. 

Three kinds of compounds have been distinguished from an early period in 
the history of this science, viz., acids, bases, and neutral bodies. 

Acids are chemical compounds which have an acid taste, impart a red colour ' 
to vegetalile blues (for examjile, violet and iris), and lose their qualities when 
mixed with a sufficient quantity of one of the compounds of the following 
class. 

Bases (from basis, foundation) are distinguished by an alhaline taste, A 
mixture of wood-aslies and lime, with water, produces a substance which has 
this alkaline property in a high degree. The bases have the power of changing 
vegetable blues into green, and, what is very remarkable, the blue vegetable 
colour which had been reddened by the presence of an acid recovers its blue 
tint on the im mission of a sufficient quantity of an alkaline base. On tlie other 
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hand, the bases entirely lose their basic characters if allowed to combi lu \'ith 
acids. 

Tt must, however, be observed, that there are many acids and leases Avhich 
either do not possess these properties at all or only in a very slight degree, 
[insoluble acids, such as silicic acid, and insoluble bases, as the hea^j^(?tallic 
[oxides, have no taste, aiicT do-not affect vegetable colours. The term strong/ 
acids and bases is usually applied to such as possess the above-mentioned 
characters in a remarkable degree. 

Thus we perceive that acids and alkalies arc bodies possessed of opposit ■ 
characters, yet in consequence of their mutual affinity, enter into combiiiatioi 
with each other, whereby they become neutralized and form new bodies which 
are neither acid nor alkaline, and are commonly allied salts. 
i Such bodies as are neither acid nor alkaline are termed also mxdval bodii'S. 
But the salts are not the only neutral compounds. There is a very’nuineroiis 
class of neutral bodies procured from animal and vegetable substances, such, iin* 
instance, as sugar, spirit of wine, albumin, &c. ; tluise latter are likewise calli'd 
indifferent substances, because they exhibit no narticular action upon, or affii iiy 
to, other substances. 

18. We are, however, under the necessity of confining our consideration cf 
the general chemical deportment of bodies within a liriof compass, until we 
arrive at the enumeration and description of the individual substances. Still 
we may be allowed to allude to the important distinction between n mechanical 
mixture of different substances and a ihemical compound of the same, from the 
confusion of which an erroneous opinion may bo freqiKjntly formed. However 
intimately different substances may bo mixed togetiier, we may readily distin- 
guish, either by the naked eye or by the aid of a magnifying-glass, the jiarticles 
of those substances beside each other, whilst in chemical a'mbinations no power 
whatever will enable us to detect the least difibroiice between the particles of the 
combined mass. The detection of mixtures of fluids or gases is impossible by 
vision alone, still tlie mechanical nature of the mixture may bo determined by 
other means, since the individual components of the mixture retain their original 
qualities, which is by no means the case in chemical combinations. 

Division of the Sujuect. 

19. Chemical phenomena have always been divided into two principal groups. 
The reason of this twofold division of the subject will be described hereafter. 
It is very natural to consider, in the first place, the simple and afterwards the 
more complicated combinations : of these we have given examples in § 13, 
when showing the distinction between the manner in which two elements 
combine to produce vermilion, and three to form sugar. 

I > Hence we divide Chemistry into two principal sections, of which the first 
! ; COimprises the comhi nations of the simple groups, and the second the combina- 
tions of the compound groups. 

With few exceptions the latter compounds are either met with in animal or 
vegetable substances, or are prepared from materials derived from them. Hence 
V? the second division of Chemistry is frequently termed Ai^a l an^. 

in contradistinction to the first ])raiich, which is cafled 

Inorganic Chemistry. 
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The following table will give an idea of the farther division of this branch 
of natural science : — 


(A.) 

Combinations of tiie Simple Groups. 
(Inorganic Chemistry.) 

I. Elements and their Combinations, 

(1.) Non-Metallic. 

(2.) Metallic. 

II. Peculiar Decompositions of these 

Compounds, 

(1.) By Ele '•tricity. 

(2.) By Li^it. 


(B.) 

Combinations of the Compound Groups. 
(Organic Chemistry). 

I. Comiiownd Ihidicals and their Cormbinaticms. 
(1.) Acids. 

(2.) Bases. 

(."*.) IiidiiTcrent substances. 

II, Peculiar Decom^iositions of these 
Compounds, 

(I.) Spontaneous Decomposition. 
(2.) Dry Distillation. 


(A). COMBINATIONS OF THE SIMPLE GllOUPS. 
(inorganic chemistry.) 

20. In this section wo shall become acquainted with the elements themselves, 
and of their most si.'n])le combinations. These bodies are partly met with 
in Nature iindor the form of mm .'ols^ and are partly prepared l>y artificial 
processes (§ 10), in wliich latter case they arc called chemical prejgaratkpff,^^.. 
As the composition of these compounds is tolerably simple;‘ their' decomposi- 
tions and tlie new products thereby produced may ho easily understood and 
predetermined. 

I. Elements and their Combinations. 

21. At the present time wo are acquainted with 03 simple substances; 
but as every year new members are discovered, we are entirely ignorant of the 
number actually in existence. It may be remarked that even those substances 
whicfi we now regard as simple elements may be likewise compounds, and 
that only a very limited number of bodies are really oloincntary. Still it is 
very improbable that we shall ever be able to resolve them into simpler forms 
of matter, and so long as this cannot be effected we must continue to regard 
them as simple bodies. A great number are so extremely rare that many 
chemists have never seen them. It is possible that in tlie interior of the earth 
large masses of these bodies occur. We shall, however, refrain from alluding 
to them, since the majority are entirely foreign to ordinary phenomena. 

(I.) non-mktali.io elements. 

22. Including Oxygen, Hydrogen, Nltrc^en, Chlorine, Bromine,* Iodine, 
Fluorine, Sulphur, Phosplioms, Arsenic, Carbon, Silicium, and Boron. 

1. OXYGEN. 

Symbol : 0 = 8; Specific Gravity = 1»1026. 

Oxygen is met with in Nature, either combined or merely mixed with other 
substances. It may be readily obtained in tlie pure state from several of its 
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compounds by the influence of heat alone. The red oxide of mercury is one of 
the substances which readily part with their oxygen. To prepare oxygen from 
this compound, a portion of the oxide is introduced into a small tube of hard 
glass (a 6, fig. 7) closed at one extremity, and into the other end of which is 



fastened, by means of a cork, a delivery tube, c cl On applying the heat of a 
small charcoal fiirnace, or spirit-lamp as shown in fig, 8, the oxygen is dis- 



6 . 


eiTgaged, and may be collected in the receiver C, which is filled witli water, and 
inverted over the pneumatic trough V.* The change may be represented by 
the following equation : — 

Oxide of Mercury. Mercury. Oxygen. 

HgO = Hg + 0 

Oxygen may be likewise veiy conveniently prepared, in a state of perfect 
* A similar arrangement to this is made use of for collecting gases in general. 
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purity, by heating chlorate of potassa (K0,C10i) in the same apparatus, the 
decomposition being expressed as follows ; — 


Chlorate of 
T'otosso. 


K0,C10., 


Chloride of 
PotasBiuni. 

KCl 


+ 


Oxygen. 

Oa. 


But when this gas is required in very large quantities, it is usual to prepare it 
from the binoxide of manganese, an oxide occurring abundantly in Nature. 
This oxide requiring a high temperature, is heated in a retort placed in a fur- 
nace (fig. 9), and to which is attached a tube, passing into a wash-bottle, con- 



taining a little lime-water for the purjxise of absorbing carbonic acid, with 
which the oxygen may be contaminated. The gas is then collected in the 
usual manner. 

The binoxide of manganese, however, does not part with more than one-third 
of its oxygen, a mixture of protoxide and sesquioxide of the metal being left in 
the retort. The following equation represents the change produced by heat : — 


Binoxide of 
Idangauese. 

3(MuOj) 


Protoxide. Sesquioxide*. Cxj-geri. 

MnO + Mii^jO;, q- O^. 


All the green parts of plants evolve oxygen when exposed to the light of 
the sun ; a fact which may be readily demonstrated by placing a leafy branch, 
which is still connected with the parent plant, or a number of fresh leaves, under 
a stoppered funnel filled with water, and then ex])Osing them to the infiuence of 
solar light. After a short time small air-bubbles, consisting of pure oxygon, 
collect in the upper part of the funnel. The elimination of oxygen observed 
in many of the so-called infusoria, may be also ascribed to plants. 

Oxygen is a gas as colourless and odourless as the surrounding air ; it 7s, 
however, readily distinguished by^the extraordinary vivacity witli which in- 
flammable substances burn in it. If,»for instance, a scarcely-kindled match be 
plunged into a cylinder filled with oxygen, it instantly bursts into flame, and 
burns with the greatest rapidity. Phosphorus burns with a dazzling white 
light, rivalling the sun in brilliancy, whilst sulphur bums with a beautiful blue 
flame. Pieces of charcoal, and thin strips of steel, to which are attached pieces 
of amadou dipped in sulphur, if previously ignited at the extremities, and 

T 
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then introduced into this gas, as in figs. 10 and 11, throw off the most beau- 
tiful scintillations, and are entirely consumed. 

SfL These phenomena depend upon the power- 

ful affinity of oxygen gas for those sub- 
j: ii; '|||| IF jS (| stances. Hence combustion itself is nothing 

it'i! I |!i* 9 11 more than the effect of their combination 

!ji' il latter element. The compounds 

formed in the above-mentioned experiments 

, are carbonic acid (COj), sulphurous acid 

(SOj), phosphoric acid (PO5), and sesqui- 
1^- 11' oxide of iron (FejOg). 

Oxygon is not only the most extensively-diffused element, but it occurs in 
the largest quantity. It is contained in by far the greatest number of minerals, 
and forms from 30 to 50 per cent of the entire mass of plants and animals, 
whilst 112 lbs. of water contain 100 lbs., or eight-ninths of its weight of this 
gas. It may be said to constitute a third of the known crust of the earth. 

It is also important to remark, that the principal mass of the atmosphere is 
a mixture of oxygen with another gas, viz., nitrogen. Five measures contain 
one of oxygen, and hence it forms one-fifth of the whole atmosphere.- 

From this it will be seen that alT^oSies existing in the air are exposed to 
the influence of the oxygen therein, which exhibits a continual tendency to pro- 
duce chemical compounds with those substances which are not at all, or only 
])artly, in combination with this gas. Hence it is the cause of an endless series 
of chemical phenomena which are ever going on around us, and within our 
l)odies. If circumstances are particularly fovourable, chemical combination takes 
place with a rapidity sufficient to generate a large amount of heat, and finally 
light, or, in other words, those phenomena occur that are ordinarily termed 
combustion. But in far the greater number of cases, the combination of oxygon 
takes place more slowly, and unattended with the phenomena of ignition. 
Heat, however, is undoubtedly generated, but becomes less evident in conse- 
quence of being distributed over a greater space of time. The rusting of iron, 
formation of verdigris 011 copper, fermentation, putrefaction, decay, moulding, 
disintegration, resi)iration of men and animals, are all phenomena primarily 
induced by oxygen. In all these cases new oxygen-compounds are produced ; 
Imt if the oxygen were excluded none of these changes could be effected, any 
more than a body could burn without the presence of the atmospheric air which 
contains so large an amount of oxygen. 

23. Combination with oxygen is also termed oxidation. To ooddise^ there- 
fore, is to unite with oxygen, and the result of ^We^cHn bination is named an 
oxide or oxygen-compound. But as oxygen is capable of combining in several 
p»'oportions with most of the above elements, the different degrees of oxidation 
are distinguished by a particular name, as ^ seen in the following examples. 

Oxygen, in combination with non-metallic elements, chiefly forms acidy with 
mhtals, hasky oxides. An elementary body combining with oxygen, and forming 
therewith an oxygen-compound, is generally designated by the term radical of 
stich a combination ; for example, sulphur is the radical of sulphuric acid (S O3). 

The general properties of oxygen-compounds are most conveniently exhibited 
in the following Table : — 
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Synopsis of Oxygen-Compounds. 


1. BASES. 


Ocgreo of Oxidation. 

Examples. 

1 Kormubn. 

General Properties. 

1 

a. Suboxides - 

b. Protoxides - 

Suboxidc of Mercury 
Suboxide of Copper 
Protoxide of Iron - 
Protoxide of Maii-l 
gaiicse - - - / 

j Cn^jO 
FeU 

MnO 

Feeble bases ; arc separated from 
. their combinations by most ot 
the other oxides ; absorb oxygen 
with avidity from the atmosphere, 
and are converted thereby into 
Jiiglrer oxides. 

2 

a. Protoxides - 

h. Sesquioxides 

Protoxide of Mercury 
I'rotoxide of Pohis-^ 
si urn - - - j 

Protoxide of Sodium 
Scsquioxiile of Iron 
Sesquioxide of Man-) 
ganose - - - / 

HgO 

KO 

NaO 

Fe/)3 

MnA 

Strong bases ; frequently caustic ; 
do not pass into a liigher state 
of oxidation when exposed alone 
to the air. The oxides oi‘ the 
hcAvy metals are insoluble in 
water. 


Biiioxides - 

Binoxide of Maii-\ 
gtinese - - - / 

Binoxide of Lead - 

MiiOg 

PbO, 

Neither acid nor basic ; decom- 
posed by heat into lower oxides 
and oxygen. 



2. ACIDS. 



c. First do£;rce 

JIjqHisulphurous Acid 

s,o. 


1 

(0 

1 Second degree 

i 

Sulphurous Acid - 
Nitrous Acid - - 

Cl il 01*0 us Acid - - 
Pliospborous Acid - 

so, 

KO, 

CIO, 

PO, 

Feeble aci<ls; separate»l from their 
combinations by most of tlie 
otlier acids ; attract oxygen from 
the air, and become tln'ieby con- 
verted into acids of the fourth 
degree of oxidation. 


d. Third degree 

Hyposulphuric Acid 

s,o, ! 


2 i 

(5) 

Fourth degree 

Sulphuri<^ Acid - - 

Nitric Acid - - - 

Chloric Acid - - 

Manganic Acid - - 

SO, i 
NO, ! 
CIO, 1 
MnO, i 

Strong acids ; frequently caustic ; 
mostly unchangeable in the air, 
some Ixjing decomposed by heat 
like the following. 

(«) 

Highest degree 

Percliloric Acid 
Permanganic Acid - 

CIO- : 

MhjjO/ 1 

Feebler than the foregoing acids ; 
readily decomposed by heat into 
oxygen and a lower degree of 

oxidation. 


24. In addition to tliesc six principal degrees of oxidation, chemists are 
acquainted with a number of interm^iate compounds which in general are 
feebler acids, and more readily decomposed ; examples of this kind are adduced 
under .c and c?, namely, hyposulphurous acid (SgOa), and hyposulphuric acid 
(SjOj). In the same manner we find amongst the metallic oxides a number 
of intermediate combinations possessing no definite chemical characters. 

Although the non-metallic elements, in combining with oxygen, give rise in 
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general to tho formation of acids^ we nevertheless meet with a number of inferior 
oxides possessing properties neither acid nor basic, as, for example, water 
(HO), protoxide of nitrogen (NO), carbonic oxide (CO), and many others. 
On the other hand wo find that while most of the metallic oxides are hases^ 
some of the higher oxides comport themselves as acids, as manganic acid 
(MnOs), chromic acid (CrOg), antimonic acid (SbOg), &c. 

From these examples it will be seen that the name and position of the oxide 
are determined not by the nwndm of equivalents of oxygen, in combination with 
the radical, but by its chemical properties ; as, for instance, sulphuric acid, con- 
taining only three equivalents of oxygen, is a stronger acid than nitric acid, 
which contains fi'oe equivalents of the same .element. 

25, An opinion was long j)revalent that oxygen was the only acidifying 
principle, and from this supposed quality its name was derived. But as it has 
subsequently been ascertained that there are very strong acids wliich contain 
no oxygen, and also that this body, in combination with metals, forms the 
strongest bases with qualities direcliy opposed to acids, the term has lost the 
major part of its signification. On this account the acids which contain this 
element are now (listinguislicd by the term ox^genrodds. 

Oxygen is, however, justly accounted the principal, the most important and 
influential of all elementary bodies. It merits this preference by its abundance, 
its powerful affinities, and by its manifold combinations with other substances. 


2. HYDROGEN. 

Symbol; II = 1 ; Specific Gravity = 0*0£88. 

2(3. Hydrogen occurs abundantly in nature, although it is never met with in 
the free state. It is fomid in the greatest quantity united with oxygen, forming 
a compound (HO) termed water, which, as is well known, is extensively dif- 
fused over tho surface of our globe. We invariably avail ourselves of this com- 
pound in preparing the pure gas. 

Hydrogen is obtained by heating water in a small^ flask, and passing its 
vapour through a red-hot gun-barrel, filled with iron nails (a 6, fig. 12), to 



12 . 


which is attached, by means of a cork, a deliveiy-tube, c d. The oxygen of 
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the water combines with the iron, and produces sesquioxide (FeA), while 
the hydrogen escapes at the curved extremity of the delivery-tube, c, and may 
be collected in the usual manner. The decomposition of the water is thus 
represented by an equation : — 

Water. Iron. nydrogen. 

3HO 4- 2Fc = FcgOg + 3H. 


Hydrogen is, however, more conveniently prepared by 
introducing pieces of granulated zinc into an apparatus 
(fig. 18) which is termed an evolution-flask, and pouring 
over them a mixture of water and sulphuric acid. The 
products formed from Zn, HO, and SO 3 , are hydi*ogen, H, 
evolved in the form of gas, and sulphate of zinc, Zn 0 ,S 03 , 
which remains in the f&k. 



Zinc. 

Zn 


Ilydratt^'l 
Sulphuric Achi. 

+ HO,SO« 


Sulphate of 
Zinc. 

ZnO.SOa 


Hydrogen. 
+ H. 


In these two cases the decomposition of water de]jends upon the affinity of 
oxygen for iron and zinc. 

Hyilrogon is a colourless, odourless gas, that ignites when approached by 
flame, and bums with a feeble light, but with development of much heat, ft 
thus combines with the oxygen of the atmosphere and produces water HO. 
As one volume of hydrogen weighs fourteen times loss than an equal bulk of 
atmospheric air, it follows tliat silk balls that are filled with this gas will 
ascend in the atmosphere, precisely in the same manner as a cork will rise in 
water. For the purpose, however, of inflating the larger air-balloons, the 
cheaper carburetted hydrogen (a^al-gas) is invariably employed. 

Hydrogen Ims at jjresent received no particular ai)plication in the arts, 
although it is sometimes employed for increasing the intensity of the forge-fire. 
If we sprinkle water upon red-hot coals it is tliereby decomposed, the oxygen 
combines with the carbon to form carbonic add, while the liberated hydrogen 
burns and developes a very high degree of heat. 

When hydrogen is passed over an ignited metallic oxide, for instance over 
protoxide of copper (CuO), it combines with the oxygen of the latter, pro- 
ducing water, which escapes in the form of vapour, whilst the pure metal 
remains behind. This mode of withdrawing oxygen is termed deoxidation^ and 
is frequently employed by chemists. 


Compounds op Hydrogen. 

27. Hydrogen combines chiefly with the non-metallic elements, scarcely any 
combinations of this element with metals being at present known. From 5 to 
6 per cent of hydrogen is found in all vegetable and animal matters. 

'^*Witfi 'Erofiiine, iodine, fluorine, sulphur, and some other bodies, 

this element produces acid compounds, which have received the name of 
hydrogen-adds. Its most important combination, however, is : — 

T 3 
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Water. 

Fonnula : HO = 9 ; Specific Gravity = 1. 

28. When 12 parts by weight of hydrogen and 100 of oxygen, or, what 
is the same, two measures of the former gas and one of the latter, are mixed 
together, no combination occurs, for under these circumstances they arc incapa- 
hle of uniting. Their union, however, is instantaneously eOected when the 
mecbamcal mixture is brought into contact with an ignited ])ody. The com- 
bination is attended with a violent explosion, that is, a flash and loud repoii;, 
lx)th occasioned by the aqueous vapour being enormously expanded by heat at 
the moment of its formation. This gaseous mixtoe has therefore received the 
name of explosive gas, and to avoid the danger attending experiments it should 
always be prepared in small quantities. By means, however, of a suitable 
apparatus, a larger quantity of this explosive gas may be burned, and the water, 
formed during the combustion, collected in sufficient quantity to convince the 
experimenter that it possesses all the properties of the purest water. 

As we are well acquainted with most of these properties, partly through 
daily experience and partly through physics, we intend to state here only the 
chemical qualities of water. Although neither acid nor basic, but in a high 
degree neutral or indifferent, water nevertheless possesses a powerful affinity 
for many chemical compounds, and more especially for acids and bases. Its 
compounds with these bodies are termed hydrates. In the formation of hydrates 
a development of heat generally takes [)laco, and is occasioned by the water 
passing into a denser condition, a portion of its combined heat being simulta- 
neously evolved (Physics, § 146). Examples of this kind arc the develop- 
ment of heat in mixing strong sulphuric acid with water, and in the slaking 
of lime. 

The acids are more frequently employed in the form of hydrates, as, for 
(jxample, hydrated sulphuric acid (tI 0 ,S 03 ) than in the anhydrous condition ; 
;ind when the latter are not specially indicated the hydrates are usually under- 
stood to be meant when s])eaking of acids. The vxiter of hydration does not 
admit of being separated from acids by heat, but only by the superior affinity 
. of a metallic oxide. 

The bases, or metallic oxides, occasionally acquire peculiar colours in com- 
bining with water. Sesquioxide of iron is red, whilst its hydrate is brown ; 
protoxide of copper is black, its hydrate a beautiful blue. Most oxides part 
with their water of hydration on application of heat, some at a lower, others at 
I a higher temperature. Hydrate of potassa, KO,HO, and liydmte of soda, 

I NaOjHO, however, do not lose their water when exposed even to the strongest 
;• red-heat. 

. Water combines also with salts, forming with their particles solid crystals, 
and in this state it is termed icater of crystallization. We perceive in salts and 
in hydrates that water may be reduced to the solid condition not only by low 
temperatures, but also by chemical affinity ; anhydrous salts are therefore dis- 
tinguished from such as contain water of crystallization. The compound 
Na 0 ,S 03 is anhydrous sulphate of soda, while NaO,SO 3 + 10 HO is the same 
salt combined with ten equivalents of water. The greater number of salts, 
however, part with their water in dry air or when exposed to a temperature of 
100° C. (212° F.) In this case tlie particles of water escape from between 
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:hG molecules of the salt, which then crumbles down, and exhibits the 
phenomenon ejfflorescence of crystals. 

29. Water possesses the remarkable property of dissolving a great variety 
Df substances ; but solution appears to be less the result of chemical affinity 
than of the great attraction the water- atoms possess for those of tla soluble 
body. The former penetrate through the particles of the latter, and destroy 
bheir coherence. Solution appears not to induce any change in the chemical 
properties of a substance, for on application of heat the water is expelled, and 
we recover the particles of the dissolved substance, with all its original cohesive 
properties unchanged. 

When to the solution of any substance a new portion of the same is added, 
without becoming dissolved, the solution is sjiid to bo saturated^ but in geneiul 
she liquid takes up an additional quantity of the soluble substance, if the tem- 
perature be increased. If this solution be now cooled, a portion of the dis- 
jolved substance is usually separate J in crystals of definite form f Physics § 19). 
Solution is therefore the means of obtaining bodies in the crystadized state. If, 
>n the other liand, a dissolved lx)dy is suddenly made to pass from the liquid 
» the solid state, as, for oxam])le, when a hot saturated solution is suddenly 
cooled, the salt does not separate in the fonn of distinct crystals, but as an 
irnorpliom precipitate. The latter form is also produced on adding to the 
•olution a substance which produces an insoluble compound. If to a solution 
)f bar)rta (BaO), in water, wo add sulphuric acid, the tw'o compounds combine 
xp produce tlie insoluble s\dphat(‘ of bai^ta (BaGySOg), which is immediately 
leposited at the bottom of the vessel, in the form of a white precipitate. 

It is upon the solubility of some comjpoimds, and invsolubility of others, the 
possibility of separating many subshinces from each other depends, and hence 
Iieir deportment with water is to the chemist a most important characteristic. 

30. The solvent properties of water are the tme causes why we never 
pbtain this universal and imjxirfcxnt fluid in natural and domestic economy in a 
itate of purity. It constantly participates in th.e properties of the manifold 
sources whence it is derived, or through which we obtain it. Whenever it is 
n contact with the soil it invariably dissolves the soluble constituents ; and 
leiico it follows that water springing from rocks which arc only slightly 
soluble, as sandst(pne and granite, is very pure, and is called soft water, while 
:hat which is derived from calcareous Ibmiations is termed hard water, and 
contains a deal of lime, which produces an incrustation on the sides and bottom 
pf the vessel wherein it is boiled. The water of springs which have their 
iourco at a greater depth possesses a higher temperature, reaching in some 
nstances to the boiling heat ; these sources have received the name of therrrud 
rprings. If water meets, on its passage tlirough the soil, with carbonicaHit;: 
lyStePJStllphuric acid, salts, &c., a portion of those compounds enter inix) 
wxlution, and impart to the water peculiar propertiosj such as arc cxliibitcd ill 
;he waters of mineral springs. Sea-water contains in solution so many salts, 
ispecially common salt and sulphate of magnesia, as to be entirely unfit for the 
)rdinary purposes of life. 

Water, distilled from a retort (Physics, § 129), is free from all non-voIatile 
nibstances, and next to it in point of purity ranks that which is distilled in 
N^ature’s laboratory, viz., rain. The latter is therefore esiKjcially employed in 
nany of the arts which require pure water, as in dyeing, washing, &c. 
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14. 


3. NITROGEN. 

Symbol: N = 14 ; Specific Gravity = 0*976.^ ’ 

31. Five volumes of common air contain four of nitrogen, mixed with one 
of oxygen ; this element, therefore, constitutes four-fifths of the entire atmo- 
sphere, The* proportion of nitrogen in the solid portion of the earth is very 
small; it is rare in mineral, and only sparingly found in vegetable substances; 
but it is more abmidant in animal bodies. Nitrogen may be easily prepared 
in the following manner: A large flat cork is floated 
on the surface of the water in the pneumatic trough. 
On this is placed a small porcelain capsule, containing 
a fragment of phosphoi*us, whicli is ignited and then 
immediately covered over l;»y a large bell-jar as shown 
in fig. 14. The jar being immersed about an incli 
deep in the water, prevents the air from escaping. 
The biuning phosphorus combines with the oxygen of 
the air contained in the bell-jar and produces phos- 
phoric acid (PO 5 ), which is dissolved by the water, while nitrogen, amounting 
to four-fiftlis of the air in the bell-jar, remains. 

It is, however, more convenient to employ, instead of the phosphorus, a few 
drops of naphtha or spirit of wine, since the vapours of phosphoric acid remain 
some time before tliey are dissolved by the water, while the little carbonic acid 
produced by the combustion of the naphtha in no way interferes with the 
results of the experiment. 

This gas is odourless and colourless, and not injurious to health, for large 
quantities are continually taken into the stomach and lungs in the processes of 

resj)iration and deglutition. If a burning body 
be introduced into a cylinder of pure nitrogen 
as in fig. 15, it is instantly extinguished, and 
animals placed therein soon die from the want 
of oxygen which is indispensable to their re- 
spiration. 

32. The atmosphere contains, moreover, 
many volatile substances, such as carbonic 
acid, to the extent of 4 volumes in 10,000, 
and aqueous vapour, which varies in quantity 
according to the temperature (Physics, § 132). 
On the other hand, many impurities, such as 
those arising from the exhalations of men, 
animals, and decaying matter, escape into the almost illimitable atmosphere. 
Ttre presence of these substances can, therefore, only be detected and chemically 
ascertained at the place of their formation. 


I 


15. 


Compounds of Nitrogen. 

33. Nitrogen possesses only a feeble affinity for other substances. With 
many, especially with metals, it does not appear to combine, and its compounds 
with the other elements are all very readily decomposed. 

Nitric Add, HO,N 05 . — This acid is obtained in the form of hydrate, by 
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distilling in a glass retort (fig. 16), 1 lb. of nitre with an equal weight of 
sulphuric acid. The pure acid is 
colourless, of peculiar odour, and 
caustic acid taste; it imparts a 
yellow colour to vegetable and 
animal substances, and finally de- 
stroys them. It also dissolves 
most of the metals, a property 
dependent upon the readiness with 
which its oxygen combines with 
other elements, hence nitric acid ie - . 
frequently employed by the chemist 
as a means of oxidation. In pro- 16 . 

cesses of this nature, the acid loses three equivalents of oxygen, a compound 
NOj being produced, which is a colourless gas, and is jpalled hinoxide of 
nitrogen. This gius hiis the remarkable property of instantljf absorbing oxygen 
from the air, and becoming thereby converted into the brownish-rerl vapour of 
n^rons cuiidy NOj, which possesses a highly-sufibcating odour. Nitrous acid 
in contact with water decomposes inh) binoxido of nitrogen and niti*ic acid, as 
is shown in the following equation ; — 

3NO3 + nllO = NO5 + 2X0^ -f nHO. 

The peculiar behaviour of binoxide of nitrogen in contact with the air and 
of nitrous acid in the presence of water, is of great practical importance in tlie 
manufacture of sulphuric acid, as will be subsequently shown. 

Nitric acid is employed in medicine as a caustic, also in dyeing, and for dis- 
solving and separating metals. The acid of commerce, termed aqmfortisy is 
never perfectly pure, and is, to a certain extent, diluted with water. 

Protoocide of Nitrogen (NO). This, the lowest oxide of nitrogen, is prepared 
in the following manner: — Nitrate of ammonia is heated in a small glass retort 
(fig. 17), furnished with a bent glass tube dipping into a pneumatic trough 



17 . 



filled with warm water. The substance fuses and enters into ebullition, evolv- 
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jng a large quantity of gas which may be collected in the usual manner. The 
decomposition will be rendered intelligible by the following equation : — 

Nitrate of Ammonia. Protoxide of Nitrogen. Water. 

= 21^0 H- 4HO. 

The protoxide of nitrogen is a colourless, odourless gas, having a somewhat 
sweetish taste. It is ^ powerful supporter of combustion, and a piece of 
ignited charcoal will Jiurn in it almost as brilliantly as in oxygen. When 
respired this gas produces a kind of intoxication of a most exhilarating cha- 
racter, accompanied by very agreeable sensations, hence it has commonly re- 
ceived the name of laughing-gas. 

34. Ammonia^ NH 4 O. — This compound of nitrogen and hydrogen possesses 
all the properties of a powerful base ; it will be therefore described with the 
metallic oxides. 

4. CHLORINE. 

' Symbol: Cl = 35*5 ; Specific Gravity = 2*44. 

35. Chlorine occurs almost exclusively in tlie mineral kingdom, and mostly 

in combination with sodium, with 
which it produces the compound 
known to every one as culinary salt, 
and termed by chemists chloride of 
sodium, NaCl. In the free state, 
chlorine is obtained by heating hy- 
drochloric acid with binoxide of 
manganese, as shown in fig. 18. 

Chlorine differs remarkably from 
the gases hitherto described. It 
possesses a slightly greenish-yellow 
colour, and a peculiarly suflbcating 
odour. When inhaled, it attacks 
tlie lungs violently, and hence, it 
must be considered as highly per- 
nicious ; and all experiments with 
this gas should be conducted witli 
the gr^iQiJ^st care. Chlorine is 
soluble ili water, to which it im- 
parts its properties (chlorine-water). 

' • f y ■ 

Compounds of Chlokjne. 

36. Chlorine possesses a remarkably powerful gffinity for other substances, 
exceeding, in many cases, even that of oxygen. It attacks gold and all the 
other metals, and is especially distinguished by its great attraction for hydrogen. 
Wherever it meets with this element, in combination with other substances, 
it displays a remarkable tendency to withdraw it, and to produce hydro- 
diloric acid (HCl.) ; and as all vegetable and animal substances contain hy- 
drogen (§ 27), they are destroyed without exception, when exposed to the 
influence of this gas, but if in contact for a shorter period, the surface only is 
attacked. This pernicious property of chlorine, however, admits of many 

highly-valuabte applications. Most of the colouring matters of the vegetable 
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kingdom, as well as the fetid exhalations,* so prejudicial to health, which arise 
from decaying animal and vegetable substances, contain hydrogen, and if 
brought into contact with chlorine, are immediately destroyed by the with- 
drawal of their hydrogen. 

This proj^erty, therefore, renders chlorine available in the process of bleach- 
ing and in that of purifying air, a subject to which we shall again return. 

(1.) CMoric Add (CIO5) and Chlorous Add (CIO3). — These acids are em- 
ployed only in combination with bases, and will be subsequently described. 

(2. ) Hydrochloric Add (HCI.) — ^Tliis compound is obtained in solution when 
common salt is treated with sulphuric acid, and tlie evolved gas passed into 
water, until the latter is saturated. In order to j)repare the liquid acid, equal 
parts of common salt and concentrated sulphuric acid, tliluted with a third of 
its weight of water, are introduced into a large flask (fig. 19), and the mixture 



19 . 

heated on a charcoal furnace. The flask is connected by means of a glass tube, 
with a wash-bottle, containing a small quantity of water, in order to retain a 
little sulphurous acid, with whicli the gas may be contaminated. In connexipn 
with this are two other tubulated bottles of larger dimensions, and three-fourths 
filled with cold water, by which the gas is condensed. This method of pre- 
l^aring hydrochloric acid is thus expressed in an ecjuatioh : — 

Chloride of Hydrated Sulphate of Hydrochloric 

Sodium. Sulphuric Acid. Soda. Acid. 

NaCl -I- H 0 ,S 03 = NaO,SOs + HCI. 

The liquid thus obtained possesses the odour and taste of a strong acid, but . 
is less destractive in its effects than cither sulphuric or nitric acid. In the 
manufacture of soda, this acid is obtained in enormous quantities as a waste 
product, and usually possesses a yellow colour, which is caused by contami- 
nation with iron. Its applications are very numerous, being used in medicine, 
in many chemical operations, and especially in the preparation of chlorine. 
When mixed with nitric acid, it forms the so-called aqua regia^ which is em- 
ployed for dissolving gold. 

Whea equal measures of chlorine and hydrogen are mixed together, and 
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exposed to the direct light of the sun, they instantly* combine, and give rise to 
a violent explosion. In the shade, however, or by candle-light, these gases 
may be mixed in a flask without danger. This is one of tlie most beautiful 
chemical experiments. 

5. BROMINE. 

S3rmbol : Br = 80 ; Specific Gravity = 2*966. 

37. Bromine is one of the rarer elements, being found only in small quan- 
tities, combined witli sodium and magnesium, in the salts of sea-water, and of 
many saline springs, especially those of Kreutznach, in which it occurs in the 
largest quantity. 

When prepared in the pure state, it forms a dark-brown, reddish liquid, of 
peculiar odour, resembling that of chlorine. It has, at present, received no 
application in the arts; but it appears to im})art particular medicinal pro- 
perties to the waters in which it is found, and for which reason it deserves to 
be mentioned. 

6. IODINE. 

Symbol: I. = 127*1 ; Specific Gravity = 4*97. 

38. Iodine occurs more frequently than the body just described, but it is 
nevertheless considered as one of the rarer elements. It is found in com- 
bination with sodium and magnesium, in sea-water, and in almost all marine 
plants and animals. It is also contained in many springs. This felemeht is the 
first solid body we have to describe ; its colour is grayish-black, and it is almost 
as lustrous as black-lead; it possesses a peculiarly disagreeable ’odour, some- 
what similar to that of chlorine, and it impairs a brown colour to the skin and 
to vegetable substances whenTeftiri contact for a consid^bfe tin^. By heat it 
is converted into a beautiful violet vapour, which, oirioaliilj^^^blidifies again 
into small black plates. Iodine is likewise distinguisred by producing with 
starch a deep violet colour, which furnishes us with an excellent test for re- 
cognising the Y)resonce of the one or the other. 

Iodine is poisonous in the free state as well as in combination with metals, 
but it nevertheless forms an important remedial agent which exerts a specific 
influence in diseases of the glands, bronchocel^ and scrofula. The medicinal 
properties of cod-liver oil and burnt sponge ait chiefly due to the presence of 
iodine. If iodine be dissolved in spirits of wine, and the solution mixed with 
aqueous ammonia, a black precipitate is obtained, consisting of iodine and ni- 
trogen. When this compound is dried, the slightest Iriction instantly decom- 
poses it into its constituents, with violent explosion. In maHng this experi- 
ment, it is therefore necessary to operate on the small scale %nd to proceed 
with the greatest care. 

7. FLUORINE. 

Symbol : FI = 19 ; Specific Gravity = 1*28. 

39. Fluor-spar is a mineral occurring in many places, but not in large 

quantities; it is a compound of fluorine and calcium (CaFL) 'J'he element 

fluorine is a gaseous body, extremely difficult to prepare, on account of the 
great facility with which it combines with other substances ; it is especially 
distinguished by its powerful affinity for silicic acid, with which it instantly 
combines when brought into contact. All glass contains silicic acid, and is 
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attacked and decomposed by most of *tlie fluorine compounds, we therefore 
avail ourselves of this property in etching upon glass, a process conducted in 
the following manner. 

A plate of glass is covered with a thin coating of wax, and blackened bv 
holding it over the flame of a candle, the design being then traced upon the 
surface with a needle. The plate thus prepared, is now placed over a leaden 
vessel of sufficient size, containing a mixture of pulverized fluor-spar and sul- 
phuric acid, which is gently warmed. The pungent, acid-smelling vapour of 
hydrofluoric acid (HFl) is evolved, and attacks the glass wherever it is bare. 
After 10 or 20 minutes, the plate is removed, and gently warmed, in order to 
free it from wax, when the etching becomes distinctly visible. The vapours of 
hydrofluoric acid are, however, very pernicious, and attack even the skin ; tin* 
greatest care is therefore required. 

Bromine, iodine, and fluorine form with oxygen and with hydrogen classes of 
compounds analogous to those of chlorine. 


8. SULPHUR. 

Symbol: S = 16 ; Specific Gravity = 2. 

40. In Sicily and the neighbourhood of Naples, are found large masses of 
pure native sulphur, between limestone and marly clay. As obtained, how- 
ever, it is never perfectly 
free from earthy matters, 
and it has therefore to be 
refined or purified. 

This process is effected 
in a retort of brass or iron, 

CD, fig. 20, communi- 
cating with a large brick 
chamber, A, which serves 
the purpose of a receiver. 

The retort is placed over 
a furnace, the grating of 
which is seen at K. Tlie 
vapour of the sulphur gene- 
rated in the rc‘tort passes 
through the tube D into 
the chamber, where it con- 
denses in the form of a fine 
powder, which is known 
as fiowers of sulph ur. The 
chamber is furnished with 
a valve, s, to allow the 
heated air to escape, and at^^^ 
die same time to prevent 
the ingress of the external 
air of the atmosphere. In 
the arrangements formerly 
in use, it was necessary, in 
order to charge the retort, to open the door, whereby explosions were I're- 

u 
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quently occasioned by the mixture of air with the heated vapour of sulphur. 
This danger is now avoided, by placing outside the furnace a reservoir, a, 
which is heated by the hot air of the furnace during its passage to the chimney, 
T T* This vessel is connected with the retort by the pipe, v, closed by a plug. 
The crude sulphur, as it melts, becomes deprived, to a certain extent, of foreign 
matters, which settle to the bottom, the fused sulphur, already partly pimfied, 
being admitted through the tube into the retort. When the operation 
is completed, the fused sulphur on the floor, S, of the chamber is drawis 
off through the small channel, r, whose apei'ture liad been clostjd b;. 
means of a plug, rn o. The sulphur is then cast into cylindric woodeii 
moulds, as shown in fig. 21 , and in this form constitutes the roll sulphiii* 
of commerce. 

Sulphur is also frequently met with in other places, chiefly, how- 
ever, in combination either with metals, as in iron pyrites (FeSj), 
copper p}Tites (CuS), &c., or combined with oxygen, as sulphuric acid 
in sulphate of lime (Ca 0 ,S 03 ), which forms entire mouiifciins. It is, 
moreover, frequently met with in vegetable and animal matters, j>ar- 
ticularly in all albuminous substances, or generally in such as evolve 
the odour of rotten eggs when suffering decomposition. 

The ordinary proj)erties and applications of sulphur arc well known. 
It is used in taking casts of medals, in the manufacture of matches anil sulphui* 
thi-eads, and also in medicine, besides a variety of other purposes which have 
yet to be mentioned. This element fuses at 108^ C. (220*4^ F.), and at 316° 
C. (700° F.) is converted into a reddish vapour; in watar and most other 
liquids it is insoluble, although it dissolves in hot linseed-oil, and oil of turj)en- 
tine ; it is, moreover, soluble in bisulphide of carbon (see § CO), from which 
it may be obtained in beautifully-crystallized double pyramids. When rubbed 
with cotton, the sticks of sulphur acquire electrical i)roperties. 

Compounds of SuLPiruR. 

41. Chemistry and the arts are indebted to sulphur for one of the most im- 
portant compounds. 

( 1 .) Sulphuric add . — This acid is always employed in the form of hydrate, 
HOjSOa, (§ 28), Its preparation is carried on in extensive manufactories, 
where sulphurous acid (SO*), nitrous acid (NOg), and aqueous vapours (HO) 
are mixed together in large leaden chambers. 

Sulphurous Nitrous Hydrated Binoxide 

Acid. Acid. Sulphuric Acid. of Nitrogen. 

SOj + NO 3 + HO = H0,S03 -h NOa 

^ The above equation illustrates the formation of hydrated svlphuric add^ 
which collects on the bottom of the chambers while binoxide of nitrogen 
remains. If at this stage of the process an additional quantity of steam, sul- 
pliurous acid, and atmospheric air (N 4 O), be admitted into the chamber, the 
binoxide of nitrogen absorbs oxygen from the air, and is converted into nitrous 
acid (see § 33). We thus again obtain the requisite mixture for the farther 
formation of sulphuric acid. In this manner the process may be carried on 
without intermission. The acid, however, as prepared in the leaden chambers, 
is diluted with too large an amount of water, and is, therefore, afterwards 
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heated in a platinum-still, when the water is expelled, and a concentrated acid 
remains, which at the ordinary temperature has a specific gravity of 1-85, and 
boils only at 326® C. (618*8^ F.) Although the stills of platinum employed 
for this purpose are very costly, varying in value from 1,000L to 2,000?., they 
are, nevertheless, preferred to glass retorts, on account of their durability. 

The hydrate of sulphuric acid is a colourless, odourless, highly caustic, acid 
liquid, and is distinguished by its power of combining with a farther quantity 
of water. It withdraws water from moist air, as well as from vegetable and 
animal substances, whereby the carbon contained in the latter becomes at once 
evident. Almost all organic substances, when acted upon by sulphuric acid, 
are insbuitly blackened, and forthwith entirely carbonized and destroyed. It 
is, therefore, in the hands of the careless and inexperienced, a very dangerous 
liquid. 

Sulphuric acid dissolves most of the metals, and possesses so powerful an 
affinity for the metallic oxides, that it is capable of displacing almost all the 
otlicr acids when they arc in combination with bases. It is, therefore, em- 
ployed in the preparation of most of the acids, for example, of nitric, phos- 
phoric, acetic, hydrochloric, and many otliers. It may be considered as the 
basis of all chemical manufactures; and so important is it in the arts, that, in 
the yefir 1840, this country was on the point of declarirg war against Naples, 
wdieii she beheld, for the moment, her entire iTidustiy endangered by the re- 
strictive measures of the govornmont of tliat country, which burdened sulphur 
with excessive ex{.>ort duties. Ar idea may be iormed of the extraordinary 
con.sunq)tioii of this acid when it is mentioned that in a single manufactory in 
Glasgow, that of Messrs, Tennant and Co., upwards of 6,000 tons are annually 
produced. The price of soda, soap, Indrocbloric acid, chlorine, matches, 
st<.?arin candles, ailico, paper, &c., stand in the closest connection with that of 
salj)liur ; and it may be justly asserted that tlie total consumption of this acid 
in any country is a sure test of its indusfrial capal)ilitios. As the acid was 
first manufactured in England, it is termed on the continent English sulphuric 
acid. 

Fuming sulphuric acid, which is a mixture of anhydrous acid and the 
hydrate, = SOa + 110, SO3, distils over when sulphate of i)rotoxide of iron 
(or, as it is usually termed, gi’ccn vitriol) is first roasted, and then strongly 
heated in an earthen retort. In tlie neighbourhood of the Hartz Mountains 
where this acid is chiefly manufactured, tlie 
dried vitriol is introduced into eartlien retorts 
(A, fig. 22), several of wliich are arranged 
in a furnace, and gradually heated. As soon 
as white vapours appear, the receivers, B, 
oontaiiiing a small quantity of common con- 
centrated sulphuric acid, are firmly luted to 
the retorts, and the process continued until 
no more aetd passes over. The acid thus 
obtained Is a brownish-coloured, oily liquid, 
and was therefore formerly termed oil of 
vitriol. Exposed to the atmosphere, it 
evolves vapours of anhydrous sulphuric acid, and by this property, as well as 
by the power it possesses of dissolving indigo, it is distinguished from the 
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hydrate. The fuming acid is also termed Saxon or Nordhausen sulphuric 
acid. 

42. (2.) Sulphurous Acid^ SO^.— When sulphur is heated in the atmosphere 
it burns with a blue flame, and Ibrms this pungent, suffocating, colourless gas, 
which slowly attracts oxygen from the air, and is thereby converted into sul- 
phuric acid. If a sufficient quantity of sulphur be burned in a cask, the 
sulphurous acid formed removes the whole of the oxygen of the enclosed air, 
and consequently destroys its power of acidifying wine or beer that may be 
afterwards introduced into it. This process termed sulphimzing, or burning 
out of casks, is practised chiefly with the view of removing oxygen. Sul- 
phurous acid is, moveover, employed as a remedial agent in various diseases of 
the skin, and for bleaching straw, wool, and feathers. 

43. (3.) Hydrosulphuric Acid^ HS. — This acid is a colourless, fetid-smelling 
gas, which is evolved on treating a metallic sulphide, such as sulphide of iron 
(P^eS), witli dilute sulphuric acid. It is, moreover, foimed by the putrefaction 
of vegetable and animal matters containing sulphur, such as night-soil, &c., 
and may be easily recognised by its odour, which is abundantly evolved from 
rotten eggs. Tins gas is highly poisonous, and proves instantly fatal when 
breathed in the pure state. Many serious accidents have happened to work- 
men who have incautiously entered sewers and other places where animal 
matter is in a state of decomposition. In such cases the careful inhalation of 
chlorine, mixed with atmospheric air, has been found to produce very beneficial 
effects. 

Hydrosulphuric acid is soluble in water, to which it imparts its properties, as 
is observed in the sulphur springs in which this fetid gas is contained. The 
deportment of hydrosulphuric acid towards the heavy metals and their oxides 
is highly important to the chemist, for when a current of this gas is passed 
into a solution of a metallic oxide, such as oxide of lead, the sulphur combines 
with the metal, producing an insoluble compound, which is immediately thrown 
down as a precipitate of peculiar colour. 

This gas is capable of precipitating all the metals from their solutions, in 
the form of sulphides^ and it furnishes us with a valuable means, not only of 
discovering the presence of metals in a liquid, but of effecting their complete 
separation. 

Colours of Metallic Sulphides. 


Black. 

Brown. 

Orange. 

Flcsh-colour. 

Yellow. 

White. 

Sulphide of 

» » 

» > 

i » 

9 9 

9 > 

Lead. 

Bismuth. 

Mercury. 

Silver. 

Cobalt.* 

Nickel.* 

Gold. 

Platinum. 

: Iron* (Fe S) 

i 

Copper. 

Tin (Proto- 
salts). 

Antimony. 

Manganese.* 

1 .1 

Arsenic. 

Tin. 

Cadmium. 

Zinc.* 


The metals in the first column are mostly precipitated fiom dilute solutions 
of a hraum colour, which, however, slowly passes into black; those marked * 
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are thrown down by hydrosulphuric acid from alkaline, the others from acid 
solutions. 

The peculiar colour imparted to silver spoons used in eating eggs and fish, 
and the blackening of white-lead paint in stables, &c., is solely due to the 
formation of metallic sulphides. 

9. PHOSPHORUS. 

Sjonbol: P = 32 ; Specific Gravity = 1*75. 

44. Although phosphorus is pretty generally diffused, and is evciy^whero 
met with in the soil, in the form of phosphates, it nevertheless occurs always 
in very small quantity, and hence belongs to the rarer elements. P'rom the 
soil the phosphates are absorbed by many plants constituting the food of 
animals, and from which the phosphorus contained in the animal organism Is 
derived. The animal body, indeed, forms, as it were, the store-house of phos- 
phorus, for it is met with in eggs, in the brain, nerves, and flesh, and espe- 
cially in the flesh of fishes. The greatest quantity, however, is contained in 
the bones, that consist of phosphate of lime (CaOjPOj), from which the 
phosphorus of commerce is principally derived. 

This element is invariably prepared from phosphoric acidy which is obtained 
by treating bones, burnt to whiteness (bone-ash), with sulphuric acid. The 
acid combines with the lime to form insoluble sulphate of lime (CaOjSOy), 
and thus liberates the phosphoric acid which is concentrated by evaporation, 
mixed with i)ulverized charcoal, and ignited in an earthen retort. The carbon 
combines with the oxygen of the phosphoric acid, forming carbonic oxide, 
while the liberated phosphorus distils over, and is condensed in the receivers, 
which are filled with water. 

Phosphorus, when perfectly pure, is a colourless, transparent body, as soft 
as wax, and is easily cut with a knife. When exposed to the light it speedily 
acquires a yellow colour, and becomes opaque; in the air it evolves white 
vapours, which are luminous in the dark, and possess tlie odour of garlic. 
This luminosity appears to 1x3 due to oxidation, as the fumes emitted are 
found to consist of phosphorous acid (POg). At 35° C. (95° F.) phos})horu& 
fuses ; and at 70® C. (158° F.) inflames, witli formation of anhydrous phos- 
phoric acid, that appears as a snow-white powder which rapidly attracts 
moisture from the atmosphere, and is thereby liquified. The facility with 
which phosphorus inflames renders it a highly-dangerous body ; the warmth 
of tlie hand, especially if accompanied by fkiction, l:)eing sufficient to ignite it. 
For this reason it is always preserved in vessels filled with water. Experiments 
made with phosphorus require the greatest precaution, the neglect of which 
has already occasioned many serious accidents. 

But, on the other hand, the facility with which phosphorus ignites by slight • 
friction renders it very suitable to the manufacture of the common lucifer 
matcfies, and its importimeo and preparation have been very much increased by 
the Oxtensive consumption of the above-mentioned useful commodity. 

The history of phosphorus is of remarkable interest, it having been acci- 
dentally discovered in 1669, l)y an alchemist of the name of Bmndt, while 
engaged in the process of transmutation. On account of its scarcity, it was 
sold at* first for its weight of gold, but at the present time the price has fallen 
to about three shillings per pound. The existence of manufactories in wdiich 

u 3 
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upwards of 100 lbs. of ])hosphorus are daily prepared, offers a remarkable proof 
of what improvement the manufacture is susceptible, whilst it incontestably 
shows that by the increased consumption the price has become proportionably 
diminished, and tlie quality of the preparation improved. 

Of the compounds of phosphorus, we have already mentioned phosphorous 
acid (POa) and phosphoric acid (PO 5 ). The latter is a j)owerful, although 

not a caustic acid, and is employed in inedi- 
\ ^ cine both in the free state and in combi- 

nation with soda. 

Phosphide of Hydrogen, PH,. — This gas, 
commonly termed phosphoretted hydrogen 
is obtain^ by heating, in a flask (fig. 23), 
small fragments of phosphorus with milk 
of lime, or solution of caustic potassa. It 
possesses a disagreeable garlic-likc odour, 
spontaneously inflames when brought into 
contact with atmospheric air, and produces 
most beautiful ringlets of smoke. 



10. ARSENIC. 

Symbol : As = 75 ; Specific Gravity =5*7. 

45. Arsenic has so many properties of the mettils, that it appears to form 
the connecting link between the non-metallic and metallic elements, and is by 
many classed with the latter bodies. It generally presents a gray, metallic 
appearance, and possesses a considerable specific gravity. Hence we did not 
hesitate to classify it in § 43, with the metallic sulphides. 

Arsenic is found partly native and partly in combination with sulphur, and 
with metals, such as iron, copper, nickel, and cobalt. Being a volatile sub- 
stance, it is readily separated from tlie latter bodies by sublimation. (Phys. 
§ 129.) 

Compounds of Arsenic. 

46. (1.) Arsenious Acid . — This compound is formed when arsenic is heated 
in a current of air. It is then evolved as a white vapour, of a strong garlic 
odour, and may be collected as a fine powder, which is usually termed white 
arsenic, or arsenious add. It is odourless, tasteless, and in the highest degree 
poisonous. The latter ]jroperty it is that unfortunately often leads to its 

employment for criminal purposes^ cases of poi^oxilng by this subi^tance being 
by far the most common. They are in general characterized by vomiting and 
pains in the bowels, terminating in frightful convulsions and death. As a 
remedial means, the promotion of vomiting, on the first appearance of poison- 
ing, is the most judicious treatment. A substance, however, has been dis- 
covered which has the pro[)erty of immediately coimteracting the effects of 
arsenic, viz., the hydrated sesquioxide of iron (Fe^Og -|- 3 HO), which forms a 
perfectly insoluble compound, that has no poisonous influence upon the system. 
This remedy has been already employed in many cases with the most happy 
results. 

In judicial inquiries it is important to decide whether death has been occa- 
sioned by arsenic, and this can only be done by actually finding the poison, 
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and proving its presence beyond a doubt. By carefully searching the bowels 
and the ejected food, it is by no means difficult to discover the particles of 
arsenic, which, on account of their weight, are readily deposited. A particle 
as large as a needle-point is sufficient to show whether the ])oison met with is 
arsenic or not. For this purpose it is introduced into a glass tube (fig, 24), 



24. 

and covered by a small fragment of charcoal, h c, which is made red-hot, and 
the point of the tube then heated. If the substance under examination be 
actually arsenic, its oxygen will combine with the ignited charcoal, while a 
brilliant ring of the metallic element is deposited on the cool })art of the tube, 
as seen at d. When the arsenic is no longer to be met with in the form of 
powder, it is more difficult to detect, but in such cases science has pointed out 
secure methods of proving its presence. 

Notwithstanding its dangerous properties, arsenious acid is employed in 
many arts, as in the manufacture of glass, in dyeing, agriculture, for the 
destruction of obnoxious vermin, such as rats, &c., and in the preservation 
of wood. 

(2.) Sulphide of Arsenic , — Arsenic combines in two proportions with sul- 
phur. The yelhw sulphide of arsenic, called orpiment, is found as a mineral, 
and is sometimes employed as a beautiful yellow pigment. The red vtmety, 
which is termed realgar, is obtained when sulphur and arsenic are fused 
together ; it is employed as a colour in dyeing, and, in pyrotechny, as a com- 
ponent of the Bengal white-fire, which consists of 24 parts by weight of nitre, 
2 of sulphur, and 7 of realgar, finely pulverized, dried, and intimately mixed 
together. 

11. CARBON. 

•Symbol : C = 6. 

47. This element, which usually occurs in a lustreless form, claims in many 
respects particular attention. On the one hand, the remarkable diversity of 
condition which carbon CiUi assume, and the pro])erties resulting from such 
assumptions ; on the other hand, its relation to the animal and vegetable 

liingdomS) both in ilie free stale and in combination, evince that carbon, next 

to oxygen, is the most important element in the economy of Nature. No 
substance furnishes us with a more remarkable confirmation of the principle 
enunciated in our clmpter on Physics (§ 11), viz., that all matter is a con- 
glomeration of smaller material particles, and that the properties of individual 
lx)dies are determined, not merely by the nature of these particles, but also by 
their arrangement or relative position. The variable forms of carbon, therefore, 
render it necessary to describe them individually ; for the present it is enough 
to remark, that although crystallized carbon, vegetable carbon, animal airbon, 
and the various kinds of coals, exhibit a remarkable diflerence in their physical 
properties, they nevertheless so far agree as to allow us to designate carbon 
under all conditions a solid, tasteless and odourless, infusible and non- 
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volatile body, which is insoluble in every substance with the exception of fused 
cast-iron. 

48. Crystallized carbon is known as diamond, and from the earliest times 
has attracted the attention of even the rudest nations by its extreme hardness 
and transparency, as well as by its extraordinary brilliancy, and its power of 
decomposing light into its prismatic colours. These characteristic properties, 
as also the rarity of its occurrence, have elevated it to tlie rank of the most 
costly of all the precious stones. Its specific gravity is greater than that of 
any other form of carbon, being equal to 4 • 0, its hardness superior to that of 
all other substances, and it can only be cut or abraded by a second portion of 
the same material. It is, moreover, brittle, and admits of being cleaved in 
certain directions. The crystalline form of the diamond is that of the regular 
octohedron, or some figure geometrically connected with these (figs. 26, 2G, 
27). 



25 . 26 . 27 . 


The diamond is found in the alluvial soil of Golconda, in the West Indies, 
Penj, Brazil, and more recently in tlie Ural Mountains, and also in the drift- 
sand of their rivers. 

With the conditions under which carbon crystallizes or the diamond forms, 
we are entirely unacquainted, and it is only barely probable that we shall ever 
be able to imitate these conditions, and produce diamonds artificially. It is 
possible that tlie vast masses of coal occurring in the laboratory of Nature 
have been exposed for many hundreds of years to an intense heat, of which we 
can hardly form a conception, and that the carbonaceous particles have, under 
such conditions, arranged themselves in a regularly crystalline form. 

A Mag time elapsed before the identity of two apparently so dissimilar sub- 
stances as cliarcoal and diamond was discovered. Accident, however, first led 
to the supposition, and in an experiment made with the view of fusing several 
small diamonds together, they were found to have entirely disappeared. A 
close investigation Slowed that they had been hurmd^ or, in otlier words, had 
combined with oxygen to form carbonic acid (00*), a compound that iS pro- 
duced, of precisely the same properties, in the combustion of ordinary coal. 
If a diamond be heated in a closed vessel, with exclusion of air, it remains 
perfectly unaltered. 

. This precious stone is not merely used for ornamental purposes, but supplies 
us with a valuable means of cutting, or rather determining the fracture of 
glass, for which purpose its hardness renders it peculiarly adapted. 

None of the other varieties of carbon are so free from foreign admixture as 
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the diamond, and hence we consider it as the purest condition under which this 
element occurs. 

49. The origin of vegetable or i^oot^-charcoal is indicated by the name. All 
substances of vegetable origin, without exception, contain carbon, which am 
be separated by a great variety of processes. Moreover, as carbon, oxygen, and 
hydrogen constitute the principal elements of plants, it follows that we may 
represent their composition by tlie general formula x (CHO). On burning 
wood, &c., Avitli limited access of air, the two latter elements arc- expelled in 
the form of water, while a residue remains, consisting of carbon, Tliis process 
is carried out on a large scale in the preparation of wood-charcoal from the denser 
kinds of wood, especially that of the beech- 
tree, which is arranged in piles, as in 
fig. 28. The wood is piled in horizontal 
layers, covered over with turf and mould, 
and kindled in tlie interior, small openings 
being here and there made for the purpose 
of admitting a little air. The whole mass 
slowly becomes ignited, but only the oxy- 
gon and hydrogen of the wood are expelled 
as products of combustion, while the un- 
amsumed carbon remains. Notwithstand- 
ing all precautions, a considerable loss of 28. 

carbon is experienced, varying in quantity according as the process is more or 
less complete. To avoid this loss, the carbonization is now frequently con- 
tinued for a less si)ace of time, and in this manner is obtained a variety which 
is distinguished as red or bj'own charcoal. 

We may assume that 100 parts by weight of wood dried in the air con- 
tain — 

20 per cent of water enclosed in its pores, 

40 , , oxygen and hydrogen. 

40 , , cai bon. 

100 pai’ts, by weight, of wootl. 

Accordingly, wc have in 100 pounds of dried wood 80 of actual wood, and 
in the latter 40 pounds of carbon. But when tlie process is conducteel most 
successfully it yields only about 25 pounds; in general not more than 20 
pounds are obtained from 100 pounds of wood. 

Wood-charcoal is exceedingly porous, and, consequently, its S[)ecific gravity 
is ordinarily very small. That of beech-wood charcoal is 0 • 187 ; a cubic foot, 
interstices included, weighing not more than from 8 to 9 pounds. It possesses 
in a high degree tlie power of attracting and condensing, within its pores, air, 
and aqueous vapour, which s^mctiaics leads to its heating and S[)ontaiieous 
combustion. If impure water, containing hydrosulphuric acid and ammonia, 
be agitated with the jiowder of freshly-ignited charcoal, both gases are com- 
pletely removed, and the water is rendered fit for the purposes of life. Wood- 
cliarcoal likewise removes colouring matters, but only to a slight degree, as 
will be described under animal-black. 

Wood-charcoal is applied to a variety of technical processes, particularly to 
produce strong fires in a limited space. It is, moreover, of great importance 
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as a means of deoxidation, i, e,, of removing oxygen from metallic oxides, and 
combining with it to produce carbonic acid. Nearly all the metals, and 
particularly iron, are prepared by igniting their oxides in contact with carbon. 
Its use in the manufacture of gunpowder is likewise one of the most importoiit 
of its applications. 

At the ordinary temperature, carbon is only sliglitly affected by exposure to 
the atmosphere, and is almost unaltered when placed either in water or in tlie 
soil. We advantageously avail ourselves of this property by charring the ends 
of piles tliat are to be driven into the earth, and likewise by carbonizing the 
interior of casks in which water is preserved during long sea-voyages. Sfjot is 
a vegetable c^bon in a finely-pulverized state, and is em[)loyed in the | 're- 
paration of a fine black colour blown as Indian ink. To obtain the ]>articnlar 
kind of carbon used for this pur])03e, resin, resinous woods, and such-like sub- 
stances, are burned with imperfect access of air, and the smoke evolved 
passed into a hood in which the soot is deposited. The variety known as 
Frarhkfort-l)lack, or Printer s^-Uach^ is obtained, in a very finely-divided state, by 
the carbonization of wine-yeast; it is mixed, however, with salts of potassa. 

The varieties of vegetable carbon here decribed are by no means to be con- 
sidered as pure, as may be readily proved by the quantity of ash they yield 
when burned. The charcoal from 100 pounds of wood will of course contain 
the same amount of ash as would have ^en obtained in the combustion of the 
wood itself. One hundred pounds of beedi-wood is found to yield about 0 * 03 
pound of ash; on the other hand, lamp-black which has been thoroughly 
ignited appears to be almost chemically pure airbon. 

50. The black mass which is left on charring animal substances is termed 
animal carbon : it differs very considerably from die foregoing, in its physical 
as well as chemical properties. Independently of animal fat, which is in all 
respects analogous to the fatty substances found in plants, we include under 
the general title of animal products muscular flesh, the skin (leather), cartilage, 
osseous gelatin, and blood. We refer, moreover, to these substances in the 
dry or anhydrous condition. Their principal mass in the dry state consists 
aj^proximately of — 

55 parts, by weight, of carbon. 

22 , , oxygen. 

7 , , hydrogen. 

16 ,, nitrogen. 

100 parts, by weight, of animal matter. 

They contain besides u minute quantity of phosphorus, sulphur, and Inorganic 
salts. When heated, these substances first swell up and fuse, then cake 
tsogether, and finally yield a dense, slaggy, lustrous charcoal. This, of course, 
is not to be considered as pure carbon, for, in\additiou to phosphates and 
sulphates, it contains a considerable quantity of ilitrogen, so that wo may with 
propriety term it nitrogenous carbon. The ])reseiice of this element renders it 
well adapted for the preparation of the chemical compound which forms the 
basis of the manufacture of Prussian blue, and will be described farther on, 
under the name of cyanogen. 

51. Bone-charcoedj termed also bone- and ivory-black, is an animal carbon, 
which is obtained by burning bones imperfectly. We must regard a bone in 
its entire mass as a structure consisting of two cellular substances interwoven 
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with each other, as may be represented by figs. 29, 30, and 31, where a a 
represt?nt a soft texture termed gelatin, whilst bb are particles of a hard texture 
which is incombustible, and consists of phosphate of lime. When bones are 
ignited with free access of air, the gelatinous particles a a are completely consumed, 
and there remains only a white, dense, cdcareous tissue (fig. 31), which is 
bone-ash. If, on the other hand, a 
bone is digested in hydrochloric acid, 
the lime-salts only are dissolved, while 
eked, and remains 
30. When the 
by hydrochloric 
by itself, the car- 
bonaceous particles cii&e togetlier, and 
we obtain a compact carlx)n, differing in no respect from the nitrogenous 
variety above described. If, on the other hand, the gelatin of the bones is 
carbonized by ignition with a limited supply of air, the calcareous particles 
pr(3vent the cohesion of the carbon, and we obtain from the bones tlius burned 
an animal-black in a very finely-divided state. 

I3one-charcoal is particularly distinguished by its power of combining with 
dissolved colouring matters and removing them completely from their solutions. 
If red wine or red ink be agitated with a few spoonfuh’ of bone-carbon, we 
obtain, after some time, a transparent liquid as colourless as water. This 
property is of considerable advantage in the manufacture of sugar ; for, when 
tlie brown-coloured cane-juice is treated with bone-black, it is rendered 
})erfectly colourless, and a brilliant white sugar is thus ootained. Many other 
chemical preparations may, by this means, be likewise decolorized, or deprived 
of the colouring matters which are mixed with them. 

Bone-black, as is well known, is also used in the manufacture of blacking, 
which is usually prepared by mixing four parts with one of sulphui’ic acid, and 
tlien adding four j)arts of syinp and a little water, 

52. Gmphite, termed also black-lead, is a mineral belonging to the primitive 
rocks, and occasionally consists of pure carbon ; in general, however, it contains 
a portion of iron. It may be also artificially prepared by the fusion of iron in 
the smelting furnaces of iron-works. It possesses a grayish-black colour and 
metallic lustre, and produces a mark when rubbed on paper ; a property on 
which depends its application to the manufacture of lead-pencils. Anthracite^ 
a less pure form of carbon, is more allied to coal, and, when burned, leaves an 
i>artliy ash. Both varieties will be more minutely described in the chapter on 

MiiiGmlogy. 

Coal and turf are carbonaceous formations, deri\Td from the spontaneous 
decomposition of plants. The origin of these substances will be considered . 
hereafter. 

Compounds of Carbon. 

53. Carbon combines with oxygen in several proportions. 

Carbonic acid (CO,) is a colourless, odourless gas, which is contained in 
the atmosphere in the proportion of 1 measure to 2,600 measures of air. It 
occurs, moreover, in many minerals, combined with metallic oxides, particularly 
with lime, forming a compound of which entire ranges of hills are composed. 


the gelatin is unatti 
as represented in fij 
gelatin, extrach^d 
acid, is carbonized 




218 


CHEMISTRY. 


This acid is produced incessantly by tlie combustion and decay of carbonaceous 
substances, and by the process of fermentation and the respiration of animals. 
Its quantity would, therefore, be continually on the increase, were it not that 
plants remove it from the atmosphere, and thus preserve the equilibrium in a 
very remarkable manner. We shall still have occasion in a subsequent section 
to point out with greater precision the important relation existing between 
carbon and the animal and vegetable kingdoms. 

In the preparation of carbonic acid we may avail ourselves most conveniently 
of carbonate of lime or chalk (CaOjCOj), which is decomposed by either of 
the stronger acids, generally by liydrochloric acid. The carbonic acid is set free 
and evolved in bubbles, producing a lively effervescence, which is the charac- 
teristic deportment of all carbonic acid compounds when treated with a strong 
add. 

If a burning taper be immersed in a vessel filled with carbonic acid, it is 
immediately extinguished, and men and animals that inhale the pure gas die 
almost as suddenly ; it is therefore to be considered as a highly-dangerous 
poison when inhaled. The specific gravity of this gas being 1*5, or lialf as 
heavy again as air, it will sink in this medium precisely in the same manner 
as syru]) will fall to the bottom of a vessel of water, and mix with tife latter 
ffuid only very gradually. If therefore a lighted taper Ixj placed oh the 
bottom of a cylinder (fig. 32), and carbonic acid be slowly poured into it from 

a vessel filled with this gas, the light will be 
extinguished immediately the gfis reaches to the 
height of the flame. In cellars where large quan- 
tities of wine and beer ferment, the lower stratum 
of air invariably consists of almost pure carbonic 
acid, and it not unfrequently happens that work- 
men lose their lives by stooping down and incau- 
tiously inhaling the gas. To obviate t^is danger, 
it is usual either to insure a sufficient change 
of atmosphere, or to mix up caustic lime w'ith 
water, and sprinkle about the milky liquid, which 
speedily removes the carbonic acid from the floor. 
I'or those v/ho have been suffocated by carbonic 
acid, the careful inhalation or smelling of am- 
monia has been recommended as the most effica- 
cious antidote. 

From the lower strata of earth, where, in many 
]ilaces, carbonaceous substances are continually 

undergoing decomposition, sti'eams of carbonic acid gush forth in a manner 

^similar to springs of water ; and if holes of some deptli be dug, particularly in 
volcanic districts, the carbonic acid is heard to rush in with considerable noise : 
hence it frequently collects at the bottoms of wells and mines, and there 
causes fatal accidents. In the neighbourhood of Naples there is a cave, 
termed the Grotto del Came, in which occurs a stratum of carbonic acid, 
several feet in height, issuing from the soil. Dogs and other animals die im- 
mediately they are placed in it, Avhilst men may walk erect tlierein without 
danger. In Java there is a valley called the Poison-valley, or the vale of 
death, surrounded by a chain of mountains. The air of this valley contains so 
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large an amount of carbonic acid that men and animals who enter it never 
return alive. 

Carbonic acid is soluble in water, and imparts to it an agreeably-refreshing 
and slightly-acid taste : nearly all waters occurring in Nature contain a portion 
of this gas in solution. Whenever springs of water and carbonic acid come 
in contact in the earth, a large quantity of gas is dissolved, and the water then 
receives the name of acidulous water, such as Selters’ water, and many others. 
Carbonic acid, moreover, is contained in many liquids that are derived from 
fermentation, as new wine, beer, and champagne ; and as the internal use of 
these liquids is within certain bounds uninjurious,'it would appear that car- 
bonic acid has no poisonous action on the stomach, but only exerts its pernicious 
influence when taken into the lungs. 

When carbonic acid is compressed in a suitable apparatus, it is converted 
into a liquid, which, on removal of the pressure, evaporates with extreme 
rapidity, absorbing so much heat (Phys. § 146) that a cold is produced of 
— 80° C. or — 90^ C. (about — 180 • F.), a portion of the liquid acid being 
tliereby frozen. Carbonic acid, therefore, adfords an important example of the 
principle, enunciated in the chapter on Physics, that the condition of matter is 
essentially dependent upon temperature. 

Carbonic acid is extensively employed in the manufacture of white-lead and 
of the artificial effervescing drinks. 

Carhonic oxide (CO) is the name applied to the lowest product of the 
oxidation of carbon, which is formed when this element is ignited, with limited 
access of atmospheric air. This gas bums with a beautiful blue flame, as fre- 
quently observed in ::harcoal fires, and gives rise to the formation of carbonic 
acid. It is likewise irrespirable, and, in conjunction with its product of com- 
bustion, is the cause of the fatal accidents which sometimes occur when char- 
coal is burned in closed rooms. 

CardidEs of Hydrogen. 

54. In all cases where vegetable matter, which we always represent by the 
general formula x(CHO), (§ 49), suffers decomposition, a portion of the carbon 
combines with hydrogen, and produces gaseous compounds. If the vegetable 
matter contains a large quantity of carbon, as is the case in resins, fats, &c., 
and the decomposition takes place under a liigh temperature, the carbo^ 
hydrogen = CH is produced, which bums with a highly- luminous flame, and 
is hence termed illuminating gas. But if the decomposition of the vegetable 
matter is effected at a lower temperature, as, for insttince, when the remains of 
plants decay in marshes or at the bottoms of mines, there is formed an inferior 
carbide of hydrogen = CH*, which is therefore termed marsh-gas^ or the gas 
of mines. 

Marsh-gas, whenpure, is colourless and odourless, and bums with a slightly- 
luminoiis flame. Its specific gi'avity is 0*5. When mixed with atmospheric 
air and then kindled, an explosion takes place similar to that which is pro- 
duced by the ignition of explosive gas (§ 28). In coal-mines an enormous 
quantity of this gas is continually generated ; it there becomes mixed with 
the air of the mines, and causes frightful explosions when accidentally kiiulled 
by the lights of the workmen. A laige number of miners have already lost 
their lives by this gas, which is teclinically called fire-damp. The numerous 

X 
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Atal accidents" have, led to the discovery of the safety-lamp (fig. 33), 
aft instxvuaeftt consisting of an ordinary oil-lamp surrounded by fine wire- 
gauze. If a lamp of this kind is introduced into a mixture of explosive gas, 
the gas enters by the openings of the gauze, and bums in the interior ; the 
flame, however, is so much reduced in temperature, by the cooling influence 

of the metallic wire, as to become extingaisbed 
before it is communicated to the external gas. 
This cooling power of wire-gauze may easily be 
demonstrated by holding it over the flame of a 
candle, which will be found not to pass through. 

The gas of mines is one of the constituents 
of the ordinary coal-gas which is employed in 
illumination and in Ailing balloons. 

55. The luminous gas (CH) is obtained 
\vhen bpdies rich in carbon and hydrogen, and 
deficient in oxygen, are ignited in closed vessels. 
It is a colourless gas, burning with a beautifully- 
luminous flame, and is the chief component 
of all our artificial means of illumination. It 
is either consumed at the spot and in the 
moment of its formation, as is the case in the 
burning of candles and lamps, or it is collected 
in a peculiar vessel, termed a gasometer^ and 
thence distributed by iron pipes to our streets 
and houses. 

The preparation of luminous gas is most 
simply effected by dropping fats or resins into 
red-hot iron cylinders, and for this purpose are selected the cheapest varieties, 
which can scarcely be used for other purposes. These substances are decom- 
posed, and yield a gaseous mixture that bums with a remarkably bc^autiful 
and bright luminous flame : this mode of manufacture, however, appears not 
to admit of general adoption in consequence of the high price of the materials, 
but when coals are employed, as is generally the case in this country, the price 
of production is considerably diminished. 

56. The manufacture of coal-gas is divided into three processes, viz., its 
formation, purification, and its collection and distribution. Its formation is 
always efi^efied in longish round retort-cylinders of iron, arranged in the 
meaner shown by A A A A A in fig, 34. The first part of the figure repre- 
sents section of a furnace, and the second a front view of two furnaces. 
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The fire is placed around the retorts upon the grate ccc. The ash-pit is at 
0 0 0. The whole apparatus is so arranged that the greatest degree of heat 
may be produced at tlie least expense of fuel. The cylinders are closed at the 
posterior end, and open in front, being each provided with a door which is 
made to fit air-tight by means of screws and cement. In these cylinders the 
coal is distilled, and as soon as the evolution of gas has ceased, the doors are 
opened and the glowing coke raked out and allowed to cool ito the vaults cc x. 

The gas as it issues from the cylinders passes through the iron pij^es h i 
into the hydraulic main E, which is half filled with water. The pipes ii dip 
lielow the surface of the water in order to prevent the gas returning into thv 
retorts when the doors are opened. 

In the hydraulic main a considerable quantity of matter volatilized with the 
gas is deposited. From the upper part of the main passes a pipe, Z, which 
first descends into the ground, and then runs in a horizontal direction. Through 
this pipe the gas escapes. At the lo\yest part of this horizontal pipe there is 
another descending-pipe which is open‘"at the bottom, and dips into a cylindrical 
vessel, encompassed by a third vessel, as showm at S in fig. 35 . 



35 . 


The liquid deposited in the hydraulic main E, during the distillation, con- 
tinually nins over with the gas by the pipe Z, and enters the condenser by the 
pipe S. It there fills the surrounding cylinder, and afterwards runs over into 
the vessel it Ls placed in, from which it can be removed at pleasure. 

Thence the gas pursues its course through the pipe Z andr arrives at the 
purifying appai*atus D. This consists of a large cylindrical vessel, made per- 
fectly air-tight, and having an inverted funnel fixed in its top. A rod passes 
through the neck of the funnel, and by means of a winch and toothed wheel, t, 
is made to revolve. The bottom of the rod is connected either with a wheel 
or fixiniQ of cross-bars y. The vessel D is two-thirds filled with a mixture of* 
lime and water, which is introduced by the pipe V, The gas passes by the 
pipe I into the funnel, presses down the lime-water to the edge of the funnel, 
and then escapes in bubbles through the surrounding liquid. The gas is thus 
freed from sulphuretted hydrogen and carbonic acid ; when it appears neces- 
sary to renew the purifying mixture, it is allowed to run out by the cock w, 
and a fresh portion introduced by the tube V x. 

As the gas escapes from the purifier by depressing the liquid in the funnel, 
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it is necessarily in a condensed state in the pipe between the vessel and the 
retorts ; the extent of the pressure is equal to the weight of the water that 
stands higher on the exterior than in the interior of the funnel. Hence the 
liquid in the pipe S is not so high as that in the surrounding vessel ; it is 
therefore necessary that the pipes from the hydraulic main E to the retorts 
should be rsused as shown at i and aaaa^ otherwise upon opening a retort 
the liquid in the hydraulic main E would be forced back through the 
pipes* A. 

We have thus traced the progress of the gas from the retorts wherein it is 
produced to the purifier in which it is deprived of its impurities ; we have 
next to consider the mode of collecting and distributing it. The gasometer F, 
fig. 35, which is sometimes as much as 30 or 40 feet in diameter, is a 
cylinder of iron closed at the top, open at the bottom, and dipping into a second 
vessel filled nearly to the edge with water. The gas-holder is sujpported by 
a chain, A, which passes over the two wheels rr\ and is counterbalanced by the 
weight, z, ^ At the commencement of the o}:)eration, the cock m is closed, and 
that leading . from the purifier is opened, the gas-holder being previously de- 
pressed to the bottom of the vessel I. As the gas enters, the gas-holder rises 
in the water until perfectly filled with gas. 

When the gas is to be distributed, the cock m is opened, and the gas-holder 
depressed by means of suitable weights placed on the top. The gas then 
flows through the pipe I, whence it is distributed to its destined place of con- 
sumption. 

57. Coal-gas is always a mixture of luminous gas (more commonly called 
olefiant gas), marsh-gas, carbonic oxide, and hydrogen, in variable proportions, 
depending upon the nature of the coal and of the process of manufacture. In 
the beginning of the distillation, the olefiant gas, which, of course, is the most 
valuable constituent, forms approximatively one-fifth of the entire vdlume, but 
towards the end of the process, or by too strong a red-heat, its quantity con- 
siderably diminishes, while that of the hydrogen increases. We may consider 
that an ordinary gas-flame hourly consumes from 1 to cubic feet of gas. 
From one pound of coal we obtain from 5 to 6 cubic feet of gas, and coals of 
the best quality sometimes yield from 7 to 9 cubic feet; while from one measure 
of oil we obtain from 600 to 700 measures, and from 1 lb. of resin from 14 
to^23 measures of gas are produced. 

In the retorts remain the coh& which is employed as a very excellent fuel. 

Finally, it "may be remarked that coal-gas is employed, in the place of 
hydrogen, for filling balloons. A ball of three feet diameter filled with the 
former weighs 11 ozs. less than one containing* an equal volume of air, while, 
if filled with hydrogen, it weighs about i7ozsi less; the cost Of hydrogGn, 
Jiowever, is 20 times as much as that of coal-gas. 

58. In addition to the two carbo-hydrogens here described, a large number 
of chemical compounds are known, which consist only of these two elements. 
They form, however, more compound groups, and will therefore be considered 
in another part of this section. 

Bicarbide of Nitrogen (Cyanogen). 

59. Carbon combines only with difficulty and under particular circum- 
stances with nitrogen. When the nitrogenous carbon, described at § 50, 
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is ignited in contact with a metal, the two elements combine together, pro- 
ducing a new substance, termed cyamgen (CjN), which enters into combina- 
tion with the metal. When a compound of mercury and cyanogen (Hg Cy) 
is heated, the latter is obtained as a colourless gas, of penetrating odour. 
When kindled it burns with a beautiful peach-coloured flame. In its mode 
of combination, this body presents such a remarkable similarity to clilorine, 
bromine, iodine, and fluorine, as to have induced chemists to class it with 
these elements : its formula instead of being expressed by C^N is usually 
represented by the symbol Cy. The name cyanogen signifies to generate 
blue, and this compound was so called in conse«|uence of its forming with 
iron the beautiful blue pigment, known as Prussian blue. Cyanogen com- 
bines with hydrogen and produces hydrocyanic or prussic acid (H Cy), 
which is prepared by the distillation of cyanide of mercury with hydrochloric 
acid. 

HgCy + nCl = HCy -f HgCl. 

This acid is a colourless gas, of a peculiar odour, strongly resembling that 
of bitter almonds ; it is soluble in water, and imparts to it its properties. 
Particularly in the anhydrous state it forms a deadly poison, but when diluted 
with water it is extensively employed as a remedial agent. The kernels of 
stone-fruit, and especially those of the bitter almond, as well as the leaves ol* 
the cherry-laurel, which contain a small quantity of prussic acid, are likewise 
employed in medicine as well as in confectionary, and in the preparation of 
laurel-water. 


Bisulphide of Carbon. 

00. When wood-charcoal is heated to redness in a tube of iron or earthen- 
ware, and sulphur is introduced through an opening in the tube, the vapour of the 
latter in passing over the carbon combines to produce a volatile substance which 
is condensed in an apparatus (Phys. § 129, fig. 89) connected with the tube. 
This compound, which is a colourless transparent liquid, is termed bisulphide 
of carbon, and oflers one of the most remarkable examples of the destruction 
of the peculiarities of elements by chemical combination. From tlie solid 
yellow sulphur that combines with the solid black charcoal, we obtain a liquid 
transparent body of extreme volatility and disagreeable odour. It refracts 
light so powerfully, that on looking through a vessel containing it, we observe 
the most beautiful prismatic colours. Bisulphide of carbon is heavier than 
water, and dissolves with facility sulphur, phosj)horus, and several resins, but 
is scarcely ever employed. 


12. SILICIUM. 

Symbol : Si = 21*3. 

61. Silicium never occurs in the free state, but in combination with oxygen, 
as silicic acid (SiOg), which is the principal constituent of most minerals. 
Next to oxygen, silicium may be said to constitute the chief mass of the crust 
of our earth. 

When separated from its oxygen, silicium forms a grayish-brown powder, 
which is non-volatile, and ivhen heated in an atmosphere of oxygen combines 
again to produce silicic acid of snowy whiteness. 
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In tho consideration of the compound silicio add (SiOg), wc have to dis- 
tinguish it under several conditions and in various states of purity. 

Bock crystal which is frequently found in the caverns of St. Gothard, 
crystallized in beautiful six-sided prisms, terminating in pyramids with six 
faces (fig. 36), is pure silicic acid. White qmrtz is nearly pure silicic acid, 
containing scarcely a trace of foreign matter, whilst flint, agate, cornelian, 
jasper, and many other precious stones with which we shall become acquainted 
in the section on Mineralogy, contain a considerable quantity of other substances. 
These minerals are distinguished by the hardness peculiar to silicic acid, 
which imparts to them the property of emitting brilliant sparks when stnick 
with steel. Silicic acid is fusible only in the strongest fires, 
but when heated to redness with the oxides of the light 
metals, it combines to produce a series of important com- 
pounds, such as glass, porcelain, earthenware, &c. 

If silicic acid be heated to redness with an excess of 
caustic alkali, as potassa, soda, or lime, it combines to pro- 
duce salts which are soluble in water, and from which the 
weak silicic acid may again be separated in the form of a 
white gelatinous mass, by the addition of a stronger acid. 
The lii)€rated acid is soluble in pure water, but loses this 
property when ignited. 

In this soluble form, silicic acid is contained in almost all 
springs, whence it enters into the organisms of plants, being 
as essential to their nourishment as salt is to animals. Most 
plants, particularly the grasses, contain so large a quantity of silicic acid that 
It may readily be detected in tlje ash after they are burned. Moreover, the 
property of cutting, possessed by many grasses (carex, for example), dey)ends 
upon the accumulation of small hard crystals of silicic acid in the cells of 
their leaves. It may also be remarked, that the shells or scales of many 
infusoria, as well as of some of the molluscs and polypi, consist of silicic acid. 

Silicic acid is not acid to tho taste, and is endowed with very feeble aflfinity ; 
hence it is sometimes designated by the term sUica, 



13. BORON. 

Symbol : Bo = 10*9. 

62. Boron belongs to the rarer elements, being found only in some lakes 
of volcanic origin, in combination with oxygen, as boracic acid (BoOa). In the 
free state it forms a brownish-green, insoluble, and infusible powder ; so that 
both silicium and boron offer, in reference to their external properties, some 
•points of agreement with ordinary carbon. 

Boracic acid is dei)osited from the water of those volcanic districts in the 
form of a white powder, and, when purified, Is obtained in colourless crj^stal- 
line plates, which are soluble in alcohol, and to the fiame of which the acid 
imparts a beautiful green colour; a property which is frequently made 
available in coloured illuminations. 

A compound of boracic acid with soda (NaO,2Bo08), termed hcraXy is 
frequently employed, .since it may be fused fcfr a long period at a high 
temperature, and without being altered in its pro|)erties. In fusing metals it 
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is frequently added with the view of facilitating the union of the metallic 
particles, and partly to protect thorn from the oxidizing influence of the atmo 
sphere. An impure variety of borax occurs as a mineral, and is known under 
the name of tinkal. 


(2.; METALS. 

63. The metals, with the exception of mercury, are solid bodies, which, 
however, melty or assume the liquid form, at high temperatures, and, when 
ex|)osed to a still more intense heat, are converted into vapour. The clean and 
polished surfaces of metals reflect light and have considerable lustre, which is 
termed the metallic lustre. The greater number possess a high specific gravity, 
and their particles exhibit a very powerful cohesion, which renders them ductile 
and malleable, and allows of their being drawn out into wires. They are ex- 
cellent conductors of electricity. 

^ The metals possess a remarkable affinity for oxygen, and by far the greater 
number occur in Nature combined with this element. The metallic oxides, 
contrary to the oxides of the non-metallic bodies, are pre-eminently compounds 
with bask properties. A very limited number of the higher metallic oxides 
have the characters of acids, and are therefore termed metallic acids (§ 23). 
Their affinities for bases, however, arc much less powerful than those of the 
strong acids of sulphur, nitrogen, and phosphorus, and also of hydrochloric acid. 
Most of the metallic oxides are insoluble in water. 

The metals combine leadily with cMorim, producing neutral compounds, 
which are termed chlorides, and possess the properties of the salts that are formed 
by the union of metallic oxides with oxygen-acids. The chlorides are mostly 
soluble in water, and are proportionately seldom met wdth in Nature. The 
elements iodine, bromine, fluorine, and the compound radical cyanogen (§ 59), 
exhibit an analogous deportment towards the metals, and, owing to their 
faculty of producing with the metals saline compounds, they are called salt-^ 
formers (haloids), and their salts, hcdoidrsalts, in contradistinction to the 
oxygen-salts, or salts of the metallic oxides. 

Next to oxygen, sulphur is the element with which the metals are most 
frequently found in combination. Its natural compounds with the heavy 
metals have a metallic and, usually, brass-yellow appearance ; while those 
which are artificially prepared are powders of various colours (see § 43), The 
combinations of sulphur with the metals are termed sulphides, and generally 
have strongly basic properties. Some of die higher sulphideSj howCYCIj deport 
themselves as acids, and unite with the inferior combinations to form jieculiar 
sulphur salts. The sulphides exhibit so powerful an affinity for oxygen that 
many absorb it even in the air or in water, and become transformed into 
sulphates of the metallic oxides, whilst others combine with oxygen only when 
exposed to a high temperature. When treated with an acid, the sulphides 
yield hydrosulphuric acid and a salt of the oxide. 
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Classification of the Metai^, 


64. The metals admit of being readily distinguished by the following table, 
in which they are presented in several groups, according to their peculiar 
properties, and each distinguished by a particular name : — 


Metals. 

Properties of the 

Oxides. 

Sulphides. 

(A.) Light Metals, 

Specific gravity from 0*8 to 1 
never occur in the uncom- 
bined state. 

Powerful bases ; possessing a 
strong affinity for water, and 
form with it hydrates. They 
yield their oxygen to carbon 
only at a white heat. 

Powerful bases, which oxidise in 
the air, and form sulphates ; 
when treated wdth acids evolve 
hydrosulphuric acid. 

(a.) Alkaline Metals, 

1. Potassium. 

2. Sodium. 

(Ammonium.) 

Highly caustic ; powerful bases, 
separate all other oxides from 
their combinations with acids; 
are very soluble in water, and 
do not lose their water of 
hydration at the highest tem- 
peratures ; attract carbonic 
acid rapidly from the air. 

Caustic ; strong bases ; very 
soluble in water, and dissolve n 
large quantity of sulphur, which 
is separated on addition of an 
acid as a white powder, termed 
milk of sulphur ; they were for- 
merly termed liver of sulphur. 

(^.)Metalsofthe Alkaline Earths, 

3, Calcium. 

4, Barium. 

5, Strontium. 

Caustic ; strong bases ; sliglitly 
soluble in water ; lose tlieir 
water of hydration at a mode- 
rate heat, and powerfully 
absorb carbonic acid. 

Caustic ; strong bases ; dissolve 
sulphur, and are partly soluble 
in water, and partly insoluble. 

(c.) Metals of the Earths proper. 
G. Magnesium. 

7. Aluminum, 

Feebly caustic. | 

Not caustic. 

( water. 

Insoluble in water. 

(B.) Heavy Metals. 

Specific gravity from 5 to 21 ; 
are found chiefly in combiiia< 
tion with oxygwi, and fre- 
quently with sulphur and 
arsenic ; some are native. 

Feebler bases than the foregoing, 
some arc acids ; insoluble in 
water, and lose their water of 
hydration at a moderate heat. 

Neutral compounds ; insoluble 
in water; antimony and several 
of the rarer metals produce 
compounds with sulphur, which 
deport themselves as acids. 

(a.) Comrtwn 

Become oxidised in tlie air. 

8. Iron. 14. Lead. 

9. Manganese. 1.5. Tin. 

10. Cobalt. 16. Zinc, 

11. Nickel, 17. Chromium. 

12. Copper. 18. Antimony. 

13. Bismuth. 

With few eiceptioiijs are soluble 

in acids, and, when ignited with 
carbon at a red-heat, yield 
their oxygen ; are, for the most 
part, fusible and non-volatile. 

Those occurring in Nature are 

somewhat brass-like in appear- 
ance, and are termed pyrites 
and blendes. Those wliich are 
artificially prepared have pecu- 
liar colours, as mention^ at 
§ 43 ; by heat they are con- 
verted into sulphates. 

(b.) Nolle Metals, 
Unchangeable in the air. 

19. Mercury. 21. Gold, 

20. Silver. 22. Platinum. 

Have more the properties of 
acids than of bases; are decom- 
posed by ignition into oxygen 
and metal. 

With the exception of sulphide of 
mercury, they leave the pure 
metal when ignited. 
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(A.) LIGHT* METALS. 

14. POTASSIUM. 

Symbol : K = 39 ; Specific Gravity = 0*8. 

(55. When carbonate of potassa (KO,COa) and charcoal, finely pulverized 
and mixed, are exjiosod to a white heat in an iron retort a, fig. 37, the oxygen 



37. 


of the potassa combines with the carbon whilst the potassium is volatilized as 
a greenish vapour. The vapour condenses in the form of metallic globules of 
the size of peas in the copper receiver A, which is half-filled with mineral 
naphtha. To facilitate the condensation of the potassium, the receiver is 
surrounded b” a wire basket bxcd, filled with ice. Although the materials 
employed in the x>reparation of this element are by no moans costly, it never- 
theless retains its high price, owing to the difficulties of the oix»ratiori and the 
small Quantity obtained. 

Potassium exhibits the lustre of silver, and is sufficiGntly soft to adinit of 
being cut with a knife. Its most remarkable property, however, is the 
powerful affinity it possesses for oxygen; for, when exposed to the air, it 
immediately attracts this gas, and becomes covered with a gray coating of 
oxide of potassium. It abstracts oxygen with the greatest avidity from all^ 
bodies containing it, and therefore it can only be retained in the metallic State 
by preserving it in mineral naphtha, which consists only of carbon and hy- 
drogen. 

One of the most beautiful chemical experiments may be made by throwing 
a fragment of potassium upon water contained in a plate. The metallic 
globule immediately combines with the oxygen and developes a temperature 
sufficiently high to inflame the evolved hydrogen, to which the vapour of the 
burning potassium, simultaneously liberated, imparts a beautiful violet-colour 
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The burning metal floats about with a hissing noise upon the surface of the 
water until it is entirely converted into oxide of potassium, which dissolves in 
the water. 

Hitherto, potassium has received no application in the arts, altliough the 
chemist avails himself of its powerful affinity in separating oxygen from many 
other oxides, such as silicic acid, boracic acid, magnesia, &c. 

Compounds of Potassium. 

66. Oxide of potassium (KO), usually termed potassa, is obtained in the 
form of hydrate (KO,HO) when the carbonate of potassa is boiled with 
caustic lime until it has lost the whole of its carbonic acid (§ 79), which may 
be readily ascertained by the non-effervescence of a filtered portion of the liquid 
on addition of hydrochloric acid. The solution, after it has become clear by 
standing, is evaporated to dryness and ignited, when the dry hydrate of potassa 
is obtained in tlie form of a white hard mass, which is commonly called caustic 
jxjtassa. 

Solution of potassa is in the highest degree alkaline (§ 17) and caustic. It 
dissolves all w'gettible and animal substances, particularly fats, and is therefore 
to be considered as a highly-dangerous substance. Moreover, as it attacks all 
vessels of which silicic acid is a constituent, it is necessary to employ either iron 
or silver vessels in all operations in which it is fused, and likewise in its 
pref)aration. 

Hydrate of potassa is employed in medicine as a caustic ; its solution is used 
in the rmnufacture of soap, and, in a very diluted state, for the purpose of 
washing. Exposed to the air it rapidly attracts carbonic acid, being slowly 
converted into carbonate, whereby it loses its aiustic properties. 

67. Sulphide of potassium, which claims our particular attention, is the 
pentasulphide (KSj) which is formed when a pulverized mixture of carbonate 
of potassa and sulphur is gently heated. We thus obtain a fused mass of a 
fine liver-colour, which is termed lioer of sulphur, and is almost as alkaline as 
caustic potassa. The solution of sulphide of potassium is yellow, and evolves 
hydrosulphuric acid on addition of an acid, a portion of sulphur being at the 
same time deposited as a very fine white precipitate, which is termed milk of 
sulphur. When exposed to the influence of the atmosplun'o it rapidly attracts 
oxygen and moisture, and is converted into sulphate of potassa. The sulphide 
of potassium is employed in medicine, particularly for sulphur baths, and in 

chemistry as a means of deoxidation. Its solution is capable of dissolving a 

considerable quantity of sulphur. 

68. Carbonate of potassa (KOjCOj) is the compound of potassium, from 
^which all the others are prepared. It is obtained by exhausting wood-ashes 
'"‘witK hot water, evaporating the V)rown liquid to dryness, and igniting the 

residue. The gray mass thus obtained is commonly known by the name of 
potashes ; it contains in admixture a variety of other salts. 

Carbonate of potassa has a mild, alkaline taste, and communicates a blue colour 
to reddened litmus-paper; the carbonic acid being insufficient to neutralize the 
liighly-basic properties of the potassa. From the atmosphere it absorbs 
moisture with avidity, and is ultimately liquified. 

The ashes of different plants afford very dissimilar quantities of potashes ; 
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1,000 lbs. of different vegetable substances have been found to yield as follows : 
pine-wood, 0*45 lb. ; beech-wood, 1-4.5 lb. ; oak-bark, 4 lbs. ; straw, 5 lbs. ; 
beech-bark, 6 lbs. ; the bean-plant, 20 lbs,; nettles, 25 lbs. ; thistles, 85 lbs.; 
and wormwood, 93 lbs. of potashes. Manufactories of this important substance 
exist in the woody districts of Germany and Russia, and particularly in die 
immense forests of America. 

Potashes are employed in the preparation of all the other compounds of 
potassa, and particularly of alum, soap, and glass. 

69. A most important salt of potassa is the nitrate, (KO,N 05 ), which is 
commonly known under the name of saltpetre. In the formation of this com- 
pound the requisite quantity of nitric acid is produced by the decomposition of 
nitrogenous organic compounds. As we have seen at § 33, oxygen and 
nitrogen combine together to produce nitric acid, only under particular circum- 
stances. This formation takes place principally when nitrogenous animal 
matters are suffered to decay in contact with metallic oxides ; the nitric acid 
produced combines with the oxides, as is observed particularly in stables and 
in the neighbourhood of dung-heaps, where animal substances sufier decom- 
position. Walls are frequently observed to be coated with small crystals of 
nitre, possessing a bitterish cooling taste. When animal matters, manure, &c., 
are intentionally heaped together with moist earth, containing lime and po- 
tassa, we have all the conditions required for the formation of saltpetre. The 
saltpetre beds are exhausted with hot water, and the salt purified by repeated 
crystallization, when it is obtained in beautiful six-sided columns. The manu- 
facture of saltpetre has considerably diminished since the discovery, in Chili, 
of large natural beds of nitrate of soda (NaO,N 05 \ which is known in com- 
merce as Chili saltpetre, and admits of being employed in many cases instead 
of the ordinary compound of potassa. 

Saltpetre has a cooling, saline taste, and is frequently used as a remedial 
agent, and in the preparation of nitric acid. Exposed to a high temperature, 
it fuses, and if combustible substances be then brought in contact with it they 
combine with its abundant store of oxygen, and burn wnth brilliant vivacity. 
On this property depends the important application of saltpetre to the manu- 
facture of gunpowder. 

Gunpowder is a mixture of 76 parts of salti)etre, 11 of sulphur, and 13 of 
carbon, separately ground, and mixed into a paste with water. The mass is 
then compressed by a sieve, to obtain it in small grains, which are afterwards 
polished by revolving them in a vessel with pulverized charcoal. The manner 
in which gunpowder acts is readily explained : it is a solid body, decomposing 
at the moment of inflammation into several gaseous compounds, which are 
enormously expanded by the heat produced, and are thereby capable of over- 
coming the most powerful resistance and of producing very formidable effects.* 
From the solid gunpowder, which may be represented by the formula KO, 
NO 5 -j- C -k S, are formed by combustion nitrogen, carbonic oxide, and sul- 
phurous acid = N -f- CO -f SO^, all of which are gaseous bodies, whilst 
potassa (KO), in combination with sulphurous acid, remains behind ; or, if 
the gunpowder bo very inferior, sulphide of potassium (KS) is likewise 
formed. 

70. Chlm'ate of potassa (KO, CIO,) is obtained in the fonn of beautiful 
brilliant plates when chlorine is passed into a saturated solution of potassa. 
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This salt, containing so large a proportion of oxygen, bums with combustible 
substances still more vividly than saltpetre, and is, therefore, a very dangerous 
oompound. It is employed as a constituent of the paste used in the manu- 
facture of matches, in pyrotechny, and for the preparation of oxygen. 

In combination with silicic acid (§ 61), potassa occurs in a large number of 
minerals, but particularly in felspar (K0,Si08 4- Ala08,3Si08), which con- 
tains, moreover, silicate of alumina. By the disintegration of this mineral 
the potassa becomes diffused in most soils, and there formi^ an essential con- 
stituent of the food of almost all plants, from the ashes of which it is sub- 
sequently prepared. 

Artificial silicate of potassa is prepared by igniting three parts of sand with 
two of potashes. The fused mass is dissolved in water, and used, under the 
name pf water-glass^ for the purpose of coating combustible substances, and 
protecting them from the danger of fire. 

When potassa is fused with a larger excess of silicic acid, a glass is obtained 
which will be more minutely described with the soda glasses. 

15. SODIUM. 

Symbol; Na = 23; Spt-cific Gravity = *972. 

71. This metal is obtained from carbonate of soda (Na0,C02), precisely in 
the same manner as potassium from carbonate of potassa. It possesses all the 
properties of potassium, with the exception of not inflaming when thrown upon 
water ; although it occasions rapid decomposition. If, however, a fragment of 
sodium be placed upon moist blotting-paper, it immediately ignites, and burns 
with a beautiful yellow flame. Moreover, the oxide of sodium (NaO), which 
is termed soda, and the sulphide of this metal, present in their preparation, 
properties, and applications, so gteat a similarily to the corresponding com- 
pounds of potassium that it is unnecessary here to describe them. We there- 
fore pass at once to the consideration of those compounds of sodium possessing 
particular characters. 

72. Chloride of sodium (NaCl) is bettc^r known under its familiar name of 
culinary salt, which we shall therefore adopt. Every one will acknowledge 
the importance of this body, which forms an indispensable constituent of the 
food of man and cf many animals : without its presence the digestion of food 
would be impossible. It has received an important application in agriculture, 
and is the exclusive source whence we derive chhrim (§ 36), which is so im- 
portant to the arts and manufactures ; it is, moreover, the compound containing 
the chief constituent of soda (§ 73). 

Culinary salt is by no means too abundantly distributed in Nature. Hence 
•many disputes have arisen between nations with reference to this necessary 
compound, and many states have secured its cheap acquisition by commercial 
treaties. It is found partly in the solid form, as rock salt, and partly dissolved 
in the waters of scdine springs ; and, lastly, it is an Invariable constituent of sea- 
water^ To obtain it from these various sources, different modes are adopted. 
The rock-salt is obtained chiefly from the mines of Salzburg, To prepare it from 
the saline springs, the waters are evaporated until sufficiently concentrated to 
allow the salt to crystallize. If the waters contain from 15 to 20 per cent of 
salt, they are at once evaporated in the boiling pans ; but if only a small per- 
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centage of salt is present, it is customary, withj| view of saving fuel, first to 
evaporate or graduate them by exposure to the air. For this purpose the brine 
is allowed to percolate through high stacks of thorny faggots, called graduating 
mrks;_hy which means the air passing over the distributed liqui^l readily 
evaporates a large quantity of water. This process is frequently r(q)eated 
until the brine is wortkboiling. From the boiling pans the salt is obtained in 
the form in which we^^ily see it at our tables. 

Sea-water contains'on the average, about per cent of salt. In some 
parts of the coast of England the water of tlie sea is let into large shallow 
ponds, termed scdterns, where, by the influence of sun and wind, it is slowly 
evaporated. The salt that is deposited is farther purified by re-solution and 
evaporation, but even then is inferior in quality to the salt obtained from salt 
brines. 

The salt-works of Germany, particularly those of Luneburg, Reichenhall, 
Wini])fen, Rappenau, and Durrheim, are very rich, and yield from 23 to 25 
j)or cent of salt. 

73. In the neighbourhood of saline springs and of the sea, grow the so-called 
salt-plants (Salsola), which yield, when burned, an ash consisting principally 
of carhomte of soda (Na0,C02), or, as it is commonly termed, soda. The 
same salt, although less pure, is likewise obtained by the combustion of several 
marine plants. I3y far the greater quantity of soda, however, is at present 
])repared, in large manufactories, from the chloride of sodium. For this pur- 
])Ose, the chloride is first converted into sulphate of soda (NaOjSOg) by heat- 
ing it with sulphuric acid, hydrochloric acid (§ 36) being obtained as a 
secondary product. The sulphate of soda is thm ignited with charcoal and 
carbonate of lime, by which means an insoluble oxisulphide of calcium and 
soluble carbonate of soda are formed. The carbonate is finally extracted by 
warm u^ater, and brought into commerce in fine hydrous crystals, as crystcd- 
lized soda, and partly in the anhydrous state, called soda-ash. 

In its chemical properties this salt exhibits^ the greatest similarity to car- 
bonate of pofcissa (§ 08) ; and for most of the purposes to which these salts are 
applied they may be mutually substituted. Soda, however, does not attract 
moisture from the atmosi^herc. Its principal use is in the manufacture of hard 
soap, glass, and in dyeing j its cost, moreover, is less than that of potashes. 

The crystallized soda, containing (53 per cent of water of crystallization, is of 

course much cheaper than that which is calcined. 

74. Sulphate of soda (NaO,SOa), which contains a large quantity of w^ater 
of crystallization, is obtained, as above mentioned, in the fabrication of soda. 
This salt, which is frequently employed as an aperient, was discovered in the 
seventeenth century, and named, after Glauber, its discoverer, tha miraculous 
salt of Glauber (sal mirabile Glauberi). It is employed in large quantities in* 
the manufacture of glass. When 14 parts of crystallized Glauber’s salt are 
finely pulverized, and mixed with 6 parts of sulphuric acid and 4 of water, the 
temperature sinks to 8® or 10° C. below zero (17*6° to 14° F.). If water 
contained in a narrow vessel be immereed in the mixture, it is very rapidly 
frozen. The cause of this phenomenon is due to the absorption of heat by the 
water of crystallization in passing from the solid to the liquid form, a change 
which is induced by the sulphuric acid (see Physics, § 146). 

75. In the mineral kingdom, soda is found in combination with silicic add 

Y 
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less frequently than potas^p^; but the minerals, natrolite, albite, and other 
silicious compounds containing soda, are by no means rare. We shall, how- 
ever, first of all consider tlie artificial silicate of soda, which is called 


Glass. 

By this terra is understood the transparent artificial compounds of silicic 
acid with metallic oxides. Glass never contains one oxide only, but several of 
these invariably occur together, and hence we may term it a mixture of 
silicates. The principal constituents employed in the preparation of glass are, 
silicic add (sand), soda^ potassa, oxide of lead, and lime (CaO), besides tlio 
colouring oxides, which are always added only in very small quantities. Tlie 
kind of glass is determined by the prevailing oxide, and we distinguish in 
commerce the different varieties under the names of soda-glass, potassa-glass 
lead-glass, &c., which differ essentially in their properties. 

Potansa-c/lass is the hardest and most difficult to fuse ; moreover, it is the 
most colourless and transparent, and constitutes the chi ^ mass of the mag- 
nificent Bohemian crystal-glass. The soda-glass was formerly manufactured 
principally in France^, and is, therefore, called Freiwh-glass \ it is softer and 
more easily fused, and has a bluish-green colour; it is principally used for 
windows. Lead-glass is the heaviest and fuses most readily, whereby it i.iay 
be recognised without difficulty. The inferior kinds ot it have a somewhat 
cloudy appearance, yet vessels which are made of them have a fine lustre, and 
they are particularly adajitcHl for those glass-wares which are pressed between 
hot metallic plates. On the other hand, the purer kind of lead glass, termed 
English flint-glass, is distinguished by its transparency and remarkable power 
of refracting liglit, and is consequently employed in the manufacture of lenses. 
lAme-glass is a con iituent of all kinds t)f glass, particularly of the green and 
yellow bottle-glass, which it renders more fusible. If a larger proj)ortion of 
lime be used, a semi-transparent and white glass is produced, which is usually 
termed milk-glass, 

76. In the preparation of glass, the constituents which are always mixed 
with broken glass are finely pulverized, dried by ignition, mixed according to 
the kind it is wished to produce, and then gradually projected into the melting 
ix>t. As many as six, eight, or ten of Uiese crucibles are placed in an arched 
oven kept continually at a red-heat by a fire which is burning year after 
year. After the lapse of twelve hours, the mass melts, and at the expiration 
of twenty-four hours it is ready for working, a process which varies greatly ac- 
cording to the purposes for which the glass is required. The principal tool of 
the glass-blower is the so-called blow-pipe, consisting of an iron tube from three 
-to four feet long, which he dips into the melted mass, and then blows out the 
adhering glass precisely in the same manner as we make bubbles of soap. By 
suitable rolling, stretcliing, bending, and moulding, the workman gives to his 
ball all possible shapes, and cuts with a pair of scissors the soft glass wherever 
he deems it necessary, exactly as we cut a piece of paper. If it is intended to 
make sheet or window-glass a long hollow cylinder is blown, which is first cut 
open at the lower extremity and then in a longitudinal direction. The 
sheets are then stretched in a particular ‘kind of oven, and polished. Large 
plates for mirrors are cast, and then submitted to the tedious and troublesome 
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processes of grinding and polishing, which make this kind of glass exceedingly 
dear. 

77. Coloured glass is obtained by the addition of certain metallic oxides to 
the melted mass, and these we will mention with the corresponding colours. 
Black glass is produced by a mixture of protoxide of iron, binoxide of man- 
ganese, protoxide of co..|X3r, and oxide of cobalt; blue, by oxide of cobalt; 
violet, by binoxide of manganese; green, by protoxide of copper, or sesqui- 
oxide of chromium ; bottle-green, by protoxide of iron ; purple-red, by oxide of 
gold with binoxide of tin ; ruby, by suboxide of copper ; flesh-colour, by sesqui- 
oxide of iron ; and yellow, by teroxide of antimony and protoxide of silver. 

Transparent, highly lustrous, coloured lead glass, termed glass-flux or strass, 
is omployod in the lal)rication of the artiflcial precious stones, and tlie brilliant 
glass pearls. An addition of binoxide of tin renders the white or coloured 
glass opaque, in whir ’, case it is called enamel, and is used for necklaces and 
all kinds of ornaments. 

Tiie art of -painting on c-^n«ists of two diflerent processes — either dif- 

rently-coloiir«fd j;iocea oi' gi r' .n^ted by means of lead, or coloured glass- 

.rx is burnt into the surface of i,. glass; the colour is tlien on certain parts 
o ouiid or etcliod out by liydrofluoric acid (§ 39), and other glass-fluxes burnt 
in, whereby the roquu I designs are producc^l. Those colours which are 
pable of standinj^ the lead iieat are placed on last. This noble art has been 
^rticnlarly investigated hy the chemist, and at the present time the most 
" dgnificcnt colours <ii'e obtained. 


78. As will be shown in the su; eqi’eric part t’ work, we find in all 
liquids obtained in the dry distillation of nitrogenous l"^lks, a volatile com- 
pound of nitrogen and hydrogen which possesses all tin ^coperties of a power- 
fully basic metallic oxide, and has received tlie name of ammoma 
This combination is obtained in a state of purity when chloride of ammonium 
(NII 4 C 1 ) is heated with caustic lime, and the evolved gas passed into water. 

Solution of ammonia (NH/)), usually termed spirit of sal- a^nmoniao or harts- 
horn, is a y)cnncid liquid of penetrating odour and taste, producing a powerfully 
irritating effect upon the eyes. The abundant formation of ammonia from 
decaying animal refuse is amply testified by the powerful odour continually 
emitted by these bodies during decom[X)sition. })articularly in moist weather. 
The formation appears to depend cliiefly on the presence of a large quantity of 
moisture, for when, by suitable arrangements, tlie liquid contents of cesspools 
and sewers are allowed to drain off, the generation of this compound is greatly 
retarded. 

Chloride of ammonium (NlI^Cl) is obtained when the alkaline liquid produced 
in the distillation of animal matters is saturated with hydrochloric acid, and 
the solution evaporated and sublimed.’ It occurs as a white salt, commonly 

termed eahamnmm^ in wnacqueucc of having been originally imported from 

the province of Ammonium in Egypt, where it was prepared by distillation of 
camel’s dung. 

Carbonate of ammonia (NH 40 ,C 0 *) crystallizes from the above-mentioned 
alkaline liquid, and is purified by frequent solution and recrystallization. 
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All the compounds of ammonia possess a peculiarly sharp taste, and evolve 
when mixed with lime the pungent odour of the liquid compound. They 
are highly valuable remedial agents, acting particularly upon the cutaneous 
system, and when taken internally, produce the eflect of powerful sudorifics. 
Their volatility^ and the facility ' with which they are expelled from other 
substances render them of great importance in chemistry, and peculiarly fit 
them for the purposes of many chemical analyses. The ammonia compounds 
display a remarkable analogy to the corresponding combinations of potassa and 
soda; and hence we observe that a similar series of phenomena are produced 
in certain cases when ammonia is substituted for potassa or soda, or when the 
carbonate of ammonia or sulphide of ammonium is employed in the place of 
the carbonates of potassa and soda or the sulphide of potassium. 

Moreover, the compounds of ammonia are highly important in their relation 
to the vegetable kingdom. It may be assumetl that all the nitrogen of ]»':.nts 
is derived from the ammonia which they absorb from the soil and from the 
surrounding atmosphere. 

The similarity of ammonia to the metallic oxides has led to the conjecture 
that all its combinations contain a compound metallic body, which has received 
the name ammonium (NH 4 ) ; but no one has yet succeeded in its preparation, 
although by peculiar processes it may be obtained in the form of an amalgam. 


16. CALCIUM. 

Symbol ; Ca =: 20. 

79. This metal forms a considerable part of the solid crast of the earth, 
entire mountains consisting of the carbonate* of its oxide (chalk) ; it is also a 
never-failing constituent of plants and animals. In the free state it ofl’ers little 
interest, and owes its importance chiefly to its combinations. We shall first 
consider — 

Oande of calcium, or lime (CaO), which is obtained by the ignition of car- 
bonate of lime (CaOjCOg), when the carbonic acid is evolved. On the l^ge 
scale the process is carried on in furnaces called lime- kilns. 

The properties of lime are familiar to eveiy one. It possesses a grayish- 
white appearance, and when moistened with water it combines, with consider- 
able development of heat (Phys. § 147), to produce hydrate of lime (CaO, HO), 
which is ordinarily termed sla/ied lime. The caustic lime when thus treated 
swells up and cracks, and finally crumbles to an impalpable powder. On 
addition of a farther quantity of water a milky liquid is produced, which is 
commonly termed milk of lime, and from which is deposited a portion of the 
•lime in form of a pasty mass, whilst the clear supernatant liquid is found to be 
a solution of lime in water, and is called lime-water. 

Lime is powerfully caustic, hence called caustic lime, and attracts carbonic 
acid with great avidity from the air, whereby it is again converted into carbo- 
nate and completely deprived of its caustic properties! If a paste of lime be 
exposed to the atmosphere, it becomes in a short time converted into hard car- 
' bonate of lime, a property on which depends its important application to 
mortars and cements. 

Caustic lime is employed in white-washing, and for the purpose of depriving 
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skins of hair in the process of tanning (technically called unhairing), as well as 
in many chemical operations. 

80. Carhona^ of Him (CaO,COj), like silicic acid and carbon, occurs in 
Natfirc undeir &trariety of forms. Caspar is colourless, transparent, and crys- 
tallized ; marble is white, granular, and hard ; whilst chalk is soft, and leaves a 
mark when drawn across a coloured surface. Other limestones, moreover, ai*e 
coloured by the admixture of metallic oxides ; thus we meet with gray, yellow, 
black, brown, red, and even with variegated limestones, such as many of the 
beautiful kinds of marbles. But, notwithstanding their diversity of form and 
appearance, they, one and all, are characterised by giving rise to a powerful 
evolution of carbonic acid, when treated with hydrochloric acid, and by yielding 
caustic lime by ignition. 

Carbonate of lime, in all its forms, is an important material, not only for the 
.sculptor, but also as a building-stone and cement for masonry ; its compara- 
tively trifling hardness, however, renders it ill adai)ted for the purj)0se of 
constructing roads. 

Carbonate of lime is the main component of the shells of the Crustacea, of 
corals, and of the shell of the egg ; it enters likewise into the comi)osition of 
bones, and hence we must regard it as one of the necessary constituents of the 
food of animals. Although this salt by itself is insoluble, it is nevertheless an 
almost invariable constituent of the waters we meet with in Nature, con tiiining, 
as they always do, a portion of carbonic acid, which has the |)ower of dissolving 
cai’bonate of lime. 15ut when gently warmed, the volatile gas is expelled and 
the carbonate of lime deposited in the form of a white incrustation upon the 
bottom of the vessel. Every household daily affords us opportunities of 
witnessing deposits of this nature, which are y)articularly observed on the 
bottoms of tea-kettles, and if the water contains a large quantity of calcareous 
matter, even our water-bottles and drinking-glasses become covered with a 
thin film of carbonate of lime. These depositions may readily bo removed by 
jx^uring into the vessels a little dilute hydrochloric acid, or some strong vinegar, 
which in a short time dissolves the carbonate of lime. 

81. Sidphate of lime (CaOjSOg + 2HO) is found in considerable masse.s, 
and is commonly known under the name of gypsum. It occurs either crystal- 
lized or granulated, and of dazzling whiteness resembling sugar ; in the latter 
form it is termed alabaster, which is so soft as almost to admit of being cut 
with a knife, and is admirably adapted for various kinds of works of art. 
Gypsum, as shown by the formula, contains water of crystallization, which is 
expelled at a gentle heat. But when ignited, gi'ound, and mixed into a paste 
with water, it acquires the property of entering into chemical combination 
widi it, and forming the original hydrate which in a short time becomes per- 
fectly solid. Thus it offers to the artist a highly-valuablc material for pre- * 
paring the well-known plaster figures, and by its use the noblest statues of 
ancient and modem art have now been placed within the reach of all. 

Gypsum, moreover, has received a valuable application as manure, to which 
we shall again return in our consideration of the nutrition of plants. In water 
it is slightly soluble, and imparts to it a disagreeable and somewhat bitterish 
earthy taste. 

Phosphate of lime constitutes the principal mass of the bones of animals, 
and is extensively employed in the preparation of phosphorus ; in the form of 

Y 3 
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ground bones it is likewise used as a manure. It appears to belong to those 
mineral constituents which are essential to the nutrition of animals, being found 
in the seeds of all the cereals, from which, especially those used in bread, is 
derived the phosphorus contained in the animal organism. 

SUkate of lime we have already become acquainted with as a constituent of 
glass. A number of minerals and mineral remains contain silicic acid and lime : 
we shall, however, allude here only to the compound known under the name 
of hydraulic mortar^ or cement, the principal constituents of which are silicic 
acid, lime, and alumina. It occurs in nature as the so-called strass^ or it is 
prepared artificially. When finely pulverized and mixed into a paste it quickly 
hardens, even under water, and hence it is employed with great advantage in 
the constniction of masonry under water, and for the purpose of protecting 
many buildings against the action of water. 

Chloride of Lime. 

82. When chlorine is passed over liydmte of lime (§ 79), thinly spread 
upon trays, there is formed a mixture of lime (CaO), chloride of calcium 
(CaCl), and hypochlorite of lime (CaO, CIO). This compound is mot with in 
commerce in the form of a moist white powder, smelling slightly of chlorine, 
and is generally known under the name of chloride of lime, or hleachmy 
powder. 

Chloride of lime evolves chlorine very abundantly when treated with the 
weakest acids, and even the carbonic acid of the atmosphere suffices to decom- 
pose it ; hence it offers at the same time the most convenient and frequently- 
used substance for preparing this very important element. Wliilst chloride of 
lime is employed in enormous quantities in bleaching establishments, we con- 
tinually avail ourselves of its disinfectant properties in our dwellings, and par- 
ticularly in anatomical rooms, hospitals. Sic. For the latter purpose we place 
a)x>ut a table-spoonful of the powder in a saucer, and add to it an equal 
quantity of hydrochloric acid diluted with a little water, taking great care to 
avoid the inhalation of the pure chlorine. The doors and windows of the 
rooms must be previously closed, and opened again after some hours. If, 
however, the chlorine is needed in an inhabited room, it is advisable to add 
from time to time only a few drops of hydrochloric acid, always bearing in mind 
that too much chlorine is very pernicious. If it be desired to bleach WTitten 
papers, soiled engravings, &c,, a filtered solution of the chloride of lime is 
decomposed with a few drops of hj-drochloric acid, and the object immersed in 
tliis liquid until the desired effect is produced. The paper is tlien frequently 
rinsed and allowed to remain for some hours In a large vessel of pure water, 
and afterwards dried between folds of blotting-paper. Ink-spots are removed 
by this process with equal facility. 


17. BARIUM. 

Symbol : Ba = 68 • 5. 

83. This metal occurs much less frequently than the one we have just 
described. Its most important compound is the so-called heavy-spar or sulphate 
of baryta (BaO,SOa) which is a white, compact crystalline mineral, and is 
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distinguished from all the other earthy compounds by its great specific gravity, 
which is = 4*44. When ground to a fine powder, it is employed as a white 
paint ; all the inferior kinds of white lead are largely adulterated with heavy- 
spar. The sulphate of baryta is perfectly insoluble in water. 

Nitrate of haryta (BaOjNO^) is used in pyrotechny for preparing a green 
fire, for which the following mixture is employed : 20 parts by weight of 
sulphur, 33 parts of chlorate of potassa, and 80 parts of nitrate of baryta, 

18. STRONTIUM. 

Symbol: Sr = 43*8. 

84. This somewhat rare metal is distinguished by imparting to flame an ex- 
tremely beautiful crimson colour, and on this proj:)ei*ty depends its only appli- 
cation. If we dissolve the chlonde of strontium (SrCl) in spirits of wine, it 
imparts to the flame a beautiful red tint. 

We may obtain a splendid re<l fire by burning the following dry mixture: 
10 parts of nitrate of strontia; li part of chlorate of potassa; 3i parts of 
sulphur; 1 part of sulphide of antimony; and i part of charcoal. 

19. MAGNESIUM. 

Symbol: Mg = 12*2. 

85. Magnesium is frequently met with in combination, and occasionally 
forms one of the jirincipal constituents of certain mountains. Its soluble com- 
pounds are distinguished by a bitter taste and aperient efiect, and are almost 
exclusively employed in medicine. Its oxide is termed magnesia, 

Chlonde of magnesium (MgCl) is a constituent of sea-water, to which it 
imparts its disagi’eeable taste, and renders it unfit for the ordinary purposes of 
life. This salt is likewise contained in many saline springs. 

Sulphate of magnesia (MgO,SOa) occurs in sea-water, and in very large 
quantities in many saline springs, as in those of Epsom, Seidschtitz, Kissingen, 
and many others, from which it is obtained. 

Carbonate of magnesia (MgO,COg) forms with carbonate of lime a com|X)und 
ciilled dolomite^ a rock which occurs in masses of considerable size. In the 
pure state it is prepared by decomposing a hot solution of sulphate ol’ magnesia 
with carbonate of soda. When dried it forms an extremely light, flocculent, 
white powder, which is insoluble in water, and, therefore, tasteless. By 
ignition it loses its carbonic acid, and is then pure oxide of magnesium (MgO), 
w'hich is employed in medicine, under the name of calcined magnesia^ partigu-- 
larly for acidity of the stomach. 

20. ALUMINUM. 

Symbol : A1 = 13*7; Specific Gravity = 2*6. 

86. This metal forms a considerable part of the crust of our earth, since its 
oxygen-compound (Al^Oj), which is termed alumina^ constitutes, next to silicic 
acid and lime, the mass of the greater number of minerals. Like several other 
bodies, which we have already become acquainted with, alumina presents itself 
in a great variety of forms. ( Mineralogy ^ § 43.) 

Crystallized alumina is found under the same circumstances as crystallized 
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carbon, and hence the sapphire^ consisting of pure alumina, and distinguished 
by its hardness, lusti*e, and infusibility, is numbered amongst the precious 
stones. The minerals (xyrundwfn and emry^ which are alumina of a less degree 
of purity, likewise possess considemble hardness, and owing to this property 
they have received an important application in grinding and polishing other 
substances. 

P|ire alumina may be chemically prepared by precipitating a solution of 
a/um by ammonia. The gelatinous precipitate, when washed and dried, 
forms a white, insoluble, and infusible mass, which strongly adheres to the 
tongue. 

Alumina is distinguished by its great affinity for vegetable fibre and colouring 
matters. If we place some threads, or a piece of cotton or liuen texture, in a 
solution, and precipitate the alumina, the oxide is found to enter into intimate 
combination with the fibre ; and if the ckth thus prepared be now immersed 
in a solution of a colouring matter, the alumina fixes a portion of die colour 
upon the fibre, which then appears to be permanently dyed. This property 
renders alumina an im|X)rtant material in the process of dyeing. The inso- 
luble precipitates which alumina forms with vegetable colouring matters are 
known under the name of la/ies, 

87. Alum is a compound of sulphate of alumina with sulphate of potassa 
(Alg 03 , 8 S 03 -f- KOjSOa 24HO), which is found in Nature, but is chiefly 

prepared artificially. It 
possesses a sweetish, 
astringent taste, crys- 
tallizes in large colour- 
less double pyramids 
(fig. 40), and is soluble 
in water ; it is em- 
ployed in enormous 
quantities in dyeing, 
and in the preparation 
of other alumina-com- 
pounds, particularly of 
the acetaie of alumina. 

The compounds or 
mixtures of alumina and 
silicic acid perform an 
important part in the 
economy of Nature and 
of man. A number of 
hard minerals consist of 
silicate of alumina, and give rlso, bv tholr disintegration, to an earthy xnasSj 
which is commonly termed da^. According as they are mixed with other 
metallic oxides, the clays possess various colours, and are distinguished by 
particular names; thus we have the white Cologne pipe-clay, fuller’s-earth, 
porcelain-earth, gray clay, yellow clay or loam, and brown and red clays. All 
these kinds of clay have the general projierty of adhering more or less strongly 
to the tongue, and [possess a peculiar cJdour, termed the clay-odour, which is 
probably due to the continual absorption of ammonia from the atmosphere. 
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Clay produces with water a soft, plastic mass, which retains moisture with 
extraordinary poWer, a property which renders it of the greatest importance 
to agriculture, and secures to plants the moisture needed for their growth. 

The plasticity of moist clay has led to its employment from the earliest 
times in the manufacture of pottery. When the soft vessels of clay are ignited, 
or, as it is commonly termed, fired^ they acquire considerable hardness. The 
names by which they oxe distinguished depend upon the fineness and purity of 
the clay. 

Porcelain. 

88. Porcelain which has long been known to the Chinese, was discovered in 
Germany in the year 1701, by Bbttcher, a chemist of Meissen, who, by the com- 
mand of Prince Joachim of Saxony, engaged in the attempt to make gold. This 
chemist mixed and fiised together a variety of substances, and finally his 
labours were crowned with the discovery of a beautiful semi-transparent sub- 
stance, which we term iK)rcelain, and which, indeed, has proved a true mine of 
gold to the kingdom of Saxony, 

A variety of clay, called porcelain-earth, which is free from iron, is found in 
many localities, and is the principal constituent required in the fabrication of 
porcelain. This clay is 
finely ground, and inti- 
mately mixed with a por- 
tion of pure silicic acid or 
gypsum. From the mass 
thus prepared the vessels 
are formed, partly by hand 
on the potter’s wheels, and 
partly by the aid of moulds, 
upon which these plates of 
clay are pressed by means 
of a soft sponge. After 
the vessels have been 
slowly dried in the air, 
they are submitted to the 
first process of burning, 
and, in order to prevent 
them being soiled, they are 
put into clay capsules, and 
placed in the coolest part of 
the potter’s kiln (fig. 41). 

The vessels thus become 

hard and perfectly white, 

but their appearance is dull 
and earthy, and as the 
mass imbibes water very 
powerfully, they adhere 
strongly to the tongue. 

The porcelain now requires to be glazed^ for which purpose it is immersed in 
a liquid consisting of finely-levigated porcelain-earth, which is rendered more 
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easily fusible by addition of gypsum. When thus covered with glaze, the 
vessel is a second time fired, at a heat approaching to whiteness. 

The superior kinds of porcelain are perfectly white, very hard, and produce 
sparks when struck with steel. • They exhibit a lustrous and conchoidal 
fracture, and are semi-transparent. Vessels of porcelain which are very thin 
produce a tone almost as clear and pui'e as that of metal. 

In painting porcelain, a mixture is used consisting of oil of turpentine and 
coloured glass (§77), which is laid on the vessels already glazed, and then 

burnt in, at a very gentle heat, in the 
muffle-oven (fig. 42)! 

The superior Fayence porcelain ex- 
hibits a white earthy fracture, and is 
glazed with the most readily-fusible 
lead-glass. But vessels of inferior 
quality present a gray, yellow, or red 
fractm*e, a^d in that case they are 
glazed with a white glaze of lead-glass 
and binoxide of tin. 

EartJien-ware^ or earthen vessels, are 
made of coarser clay, and are either 
unglazod, as flower-pots, or they re- 
ceive a coating of lead-glass, and it 
not unfrequently happens that, in the 
attempt to save fuel, the oxide of lead 
refiuircd for the glaze is not perfectly 
vitrified, and thus the food preserved 
in such vessels occasionally acquires 
poisonous properties; it is, therefore, 
42. necessary to select well-burned, cleai- 

sounding, and hjghly-glazed vessels. 

Another kind of pottery, which is called stone-ware", and is especially used 
in making bottles, preserve-pots, &c., is glazed by means of chloride of sodium, 
which is projected into the red-hot oven containing the various vessels. The 
salt volatilizes, and covers the interior as well as the exterior of the wares with 
a coating of readily-fusible soda-glass. 

An inferior kind of clay is manufactured into tiles and bricks, which gene- 
rally present a red colour, due to the presence of sesquioxide of iron. 

89. The rare mineral known under the name of lapis lazuli forms, when finely 
ground, the magnificent blue colour called ultramarine. Chemical investigations 
have shown that this mineral consists of sulphide of sodium (§ 71 ) and silicate 
'of alumina; by Igniting these substances together In proper proportions this 
magnificent colour is now artificially produced. Hence the pftce of ultramarine, 
which formerly was equal to that of gold, is now so low as to admit of this 
substance being employed in painting, in the manufacture of i>aper-hanging3, 
and for many other purposes. 
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(B.) HEAVY METALS. 

21. IRON (FERROM). 

Symbol : Fe = 28; Specific Oiavitj = 7‘8. 

90. We commence our description of the heavy metals by giving an account 
of iron, which is the most important and valuable of all the metals. Of this 
we fabricate the plough, with which we till our fields, and the sword, where- 
with to defend them. History affords us many proofs that by the possession 
of a surplus of gold industry becomes in a meksure suspended ; whilst on tlie 
other hand, the p^session of iron, the true source of wealth, has led to the 
boundless developement of arts and manufactures. 

Ill our section on Mineralogy we shall describe a number of ores from which 
iron is obtained, and which are particularly abundant in this country, and also 
in Germany and Sweden. 

The essential constituents of 
these ores are iron and oocy- 
gen^ from #hich the latter 
element has to be separated. 

For this purpose the c.its are 
broken in small fragnionts, 
mixed with limestone anl 
coal, and inft*pduced into the 
blast-furnace (fig. 43). The 
cone of the furnace A. is sur- 
rounded by fire-bricks, i *, 
which is again enveloped in a 
casing, 1 1, formed of broken 
scoriae, and which separates 
the internal lining of the fur- 
nace from the external coating 
of fire-bricks, m m\ supported 
by a mass of masonry, A n\ 
formed either of stone or 
bricks. The o])ening C, at 
the top of the furnace is called 
tlie throat, or tunnel-hole, and 
is surmounted by a chimney, 

D. The lower cone B, is 
known by the name of the 
boslm, and is constructed 
generally of fire-stone. At 
the commencement of the 
process, the bottom of the 
furnace is filled with wood 
and coal which is ignited, and 43. 

the fire is afterwards main- 
tained in a state of intense ignition by a powerful and continuous blast of air. 
As soon as the ore has become thoroughly ignited, its oxygen unites with the 
carbon to produce carbonic acid, which escapes, whilst the metal itself fuses. 
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and flows to the bottom of the furnace, whence it is from time to time allowed 
to run out. As the lower stratum fuses, the one above falls down, and by the 
continual addition of fresh quantities of ore and coal to the upper part of the 
furnace, the process is continued year after year without interruption, until at 
last the heat seriously injures the walls, which then require either to be rebuilt 
or repaired. 

Iron, however, is not the only product of the blast-furnace. By far the 
greater number of ores contain, moreover, silicic acid, alumina and lime, which 
by the heat required for the separation of the iron, and by the limestone added 
for the purpose of removing the silicic acid and alumina, jj^come fused to a 
dark-coloured glass, termed slag^ which flows with the melted metal to tlie 
bottom of the furnace. The slag, being much lighter than the iron, floats upon 
the surface, and is from time to time removed by rakes, and then solidifies to a 
vitreous mass. The slag which covers the surface of the melted iron protects 
it from the atmosphere, which would otherwise oxidize a considerable quantity 
of metal : hence the necessity of slag in the blast-furnace process ; when the 
ores do not contain those constituents necessary for its formation^ it is usual to 
introduce such minerals, and especially lime, as produce a readily-fusible slag. 

Varieties op Ihon. 

91. Carbon has the property of entering into chemical combination, and of 
being dissolved by iron ; and according to the proportion in which it is present 
we obtain the three principal varieties, namely (1.) Cast-iron, containing 
a considerable quantity of carbon. (2.) Wrought-iron, free from carbon. 
(3.) Steel, or iron which is combined with a very trifling quantity of carbon. 

(1.) The metal which is immediately drawn from the blast-furnace is termed 
pig or cast-4rQ)\ 100 pounds contain about 5 pounds of carbon, which is 
either in perfect chemical combination or only partly dissolved. In the former 
case, the iron is white, lustrous, and forms the variety distinguished as specular- 
iron^ which, on account of its tenacity and difficulty of fusion, is unsuited for 
casting, and is employed in the preparation of the btlier kinds of iron. In the 
latter case, the iron possesses a grayish or blackish-gray colour, as observed in 
the ordinary cast-iron or gray pig-iron. This variety fuses at 1 000° C. 
(1832° F.) to a mobile liquid hsiiss, which readily flows into all parts of the 
moulds of sand. On cooling, it contracts only to the extent of about 1 J per 
cent, and therefore it is admirably adapted for all kinds of castings, particularly 

for fumacesj hcarth-platca, and for numberless objects of art. Tills kind of 
iron, which exhibits a granulated fracture, is extremely hard and brittle, and 
does not admit of l)eing worked in any other way. 

^ (2.) Bar or wrought iron is found to be almost pure iron : it is prepared 

from the foregoing by powerful ignition^ in contact with the atmosphere, 
whereby the carbon it contains is burned, until scarcely a trace remains. The 
most remarkable property of this kind of iron is extreme tenacity, which allows 
it to be wrought with facility, and drawn into fine wires, or rolled into plates, 
but, owing to its trifling hardness, it is little suited for the manufacture of 
cutting instruments. Its fracture is gray and jagged, and, when worked, its 
^rface acquires considerable polish, and has then a white colour. Bar-iron 
fuses only at the strongest white heat, at about 1600° C. (2912 F.), and 
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hence iJie difficulty of joining two pieces together by fusion ; but at a red-heat 
the iron becomes sufficiently soft to admit of being intimately united by ham- 
mering, or, as it is commonly termed, welded together 

(3.) Steel contains from 1 to 2 per cent of carbon. It is either prepared 
from cast-iron, by the removal of only part of its carbon, or from bar-iron, to 
which some carbon is again added. The steel prepared by the first process is 
called raw or cast-steel. In the second process, the bars of iron, surrounded 
by pulverized charcoal, are for some time ignited in earthen vessels, whereby 
the carbon slowly combines with the iron, and converts it into the so-called 
cement-steel. Larger masses of iron, when treated in a similar manner, have 
their surfaces only converted into steel, or, as it is commonly termed, cemented. 

Steel offers one of the most remarkable examples of the dissimilar properties 
one and the same body may acquire by the diflerent arrangement of its parti- 
cles. By itself it possesses nearly all the characters of bar-iron : it is soft and 
malleable, but it is more readily fusible, since it fuses at a temperature of from 
1200° C. to 1400° C. (2192° F. to 2552° F.) ; its colour likewise varies from 
gray to grayish-white, but it is susceptible of an extremely fine polish, and ac- 
quires thereby a high lustre. If, however, the red-hot steel be suddenly cooled 
by plunging it into ctdd water, it becomes entirely changed in its nature, being 
then extremely brittle and unmalleable, and harder than any other substance, 
with the exception of the diamond and crystallized alumina. It scratches glass 
and flint, and is chiefly employed in the fabrication of instruments, in which 
great hardness is required, such as files, needles, &c. 

When hardemd steel is heated and allowed to cool slowly it loses its pro- 
perties, atid acquires again tlie softness and tenacity of raw steel. The stronger 
the heat employed, the more completely is this remarkable change produced ; 
and by employing suitable temperatures, intermediate qualities of steel may be 
obtained, which, in addition to greater hardness, acquire at the same time con- 
siderable flexibility ; a property which is absolutely indispensable for most of 
the purposes to which it is employed, and particularly for the fiibrication of 
cutting instruments. By heating or anmaling, the polished steel changes its 
colour, becoming first of a pale yellow, then dark yellow, orange, red, dark red, 
violet, blue, and finally blackish-blue, the darker colours being produced by 
the higher temperatures. Those changes of colour observed in steel afford, 
therefore, an excellent means of judging of the temperatures to which it must 
be exposed when the steel is required for certain purposes. This series of 
colours may be distinctly seen by holding a knitting-needle in the edge of a 

candle-flame, when at the hottest part the needle will appear of a black colour, 

passing through all the other tints towards the cooler extremity. 

In most manufactories of steel, the objects are first formed of the soft raw 
steel, then hardened, and subsequently, to a certain extent, annealed, according 
to the purpose for which they are required, as we will illustrate by the follow- 
ing examples : pale yellow for the finest knives ; golden yellow for razors and 
penknives ; from brown to purple-red for scissors, axes, chisels, and ordinary 
knives ; bright blue for swords, watch-springs, and gimlets : and, finally, dark 
blue for the blades of saws. 


z 
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Compounds of Iron. 

92. In general, the compounds of iron which are soluble in water possess a 
peculiar chalybeate taste, which any person may become acquainted with by 
tasting ink. They have, moreover, the pro|)erty of forming a dark-blue, or 
violet compound (ink), witli an infusion of gall-nuts or of oak bark, and with 
all substances containing tannic acid. In most of its compounds iron possesses 
medicinal properties, and acts especially upon the blood. 

(1.) Protoxide of iron (FeO) is only known in combination. Its hydrate 
(FeOjHO), which is prepared by precipitating a solution of sulphate of iron, 
or green vitriol, by potassa, is white, but becomes in an instant green, then 
yellow, and finally brown, passing slowly into the higher oxide. 

(2.) Sesquioxide of won (FogOa) occurs frequently as a mineral, called K?d 
iron-stone, and is obtained as a residuary uroduct in the manufacture of fuming 
sulphuric acid (§ 41). When pulverized, it appears of a dark brick-red colour, 
and is employed in polishing plate, &c., under the name of English rouge. 
The colour of red-ochre, red-chalk, and red-saiidstone, is duo to the presence of 
this compound. The hydrate of the sesquioxide is frequently 

mot with in Nature under the name of brown iron-stone. It varies in colour 
from yellow to brown, and imparts to loam, tri^xili, &c., their peculiar tints. 
In the pure state it is prepared by precipitating a solution of sesquicliloride of 
iron by ammonia, and is employed in medicine as an antidote for arsenic 
(§ 46). It constitutes, moreover, the rust which is seen on iron exposed to 
the influence of moist air. 

(3.) Bisulphide of iron (FeSj), occurring in Nature, and commonly known 
as iron pyrites^ is crystalline, and exhibits a metallic lustre, and brass-yellow 
colour. The ordinary black sulphide (FeS), which is frequently em|)loyed in 
the preparation of hydrosulphuric acid (§ 43), is prepared by gently igniting 
equal parts by weight of sulphur and linely-divided iron. 

(4.) Chloride of iron (FeCl) is formed when iron is dissolved in hydro- 
chloric acid. It is deposited fnjm a concentrated solution in the form of ])ale, 
greenish-blue, hydrated crystals. The ses(piichloride of iron (FcgClg) is ob- 
tained in reddish-brown hydrated crystals from a concentrated solution of iron 
in aqua regia (§ 36), and is extensively employed in medicine. 

(5.) Cyanide of iron forms, with cyanide of potassimn, a remarkable com- 
pound (FeCy,2KCy), known under the name of prussiate of potash or ferro- 
cyanide of potassium. It is produced when nitrogenous carbon (§ 50) is 
strongly ignited with potassa, and the mass so obtained subsequently boiled with 
metallic iron. The concentrated and filtered solution deposits, on cooling, 
beautiful yellow crystals of ferrocyanide of potassium of the above-mentioned 
composition, containing, moreover, three equivalents of water of ciystallization. 
A solution of this salt produces, with the soluble compounds of protoxide of 
iron, a pale-blue precipitate, which in a short time acquires, by exposure to 
the atmosphere, a beautiful dark-blue colour ; but with a solution of the ses- 
quioxide of iron, it immediately forms a fine dark-blue precipitate of Prussian 
Uue^ which is a compound of cyanogen and iron. The inferior and paler 
varieties of this much-employed pigment are pref)ared by adding to the blue 
de}X)sit, whilst still moist, a portion of finely-levigated white clay. Although 
this compound contains cyanogen, it nevertheless aj^pears to produce no 
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poisonous effect upon the animal economy. It may be remarked, that the fer- 
rocyanide of potassium is employed in the prej)aration of hydrocyanic acid and 
most of the other cyanogen compounds. (Compare § 69.) 

93. (6.) Sulphate of protoxuk of iron (Fe0,S03 + HO), or gi'een vitriol, 
forms beautiful gfeen hydrated crystals. It is obtained in large quantities by 
the oxidation of iron pyrites, and is one of the cheapest salts. The .nose 
important pur]r)Oses to which it is applied is the preparation of Prussian blue, 
ink, violet and black d3^ris, fuming sulphuric acid, and most of the preparations 
of iron. 

(7.) Carhomte of protoxide of iron (Fe0,C02) is obfciined by precipitating 
a solution of the preceding salt witli carbonate of soda. Its colour is first 
white, but rapidly changes to green and l)rown from the aKsorption of oxygen 
and partial conversion into the sesquioxide. Although insoluble in water, it 
is nevertheless found in numerous springs which contain much carbonic acid^ 
being held in solution by this gas : the waters which hold the iron in solutic^n 
by this means are commonly termed chalybeate waters. 

22. MANGANESE. 

Symbol; Mu = 27*6 ; Sj^ocific Gravity = 8. 

94. Manganese is, next to iron, the most diffused of all the heavy metals, 
although it is only rarely met with in considerable quantities. There is 
scarcely an iron ore tliat does not contain manganese, and hence the iron of 
commerce almost invariably contains a portion of this mefcal, occa.sionally 
amounting to 4 or 0 per cent. 

The metal itself is extremely difficult to prepare in a suite of purity, and so 
hard to fuse that it at present has received no useful a])plication. Its ^ost 
important com{)ound is the bimxide of manganese (MriOg), which yields a 
}X)rtion of its oxygen with great facility, and is, therefore, extensively employed 
as a means of oxidation, and for the preparation of oxygen (§ 22). It is used, 
moreover, in the arts for decolorizing glass, and in enormous quantities for pre- 
paring chlorine (§ 35). 

Protoodde of manganese (MnO) is employed for imparting a violet colour to 
glass. 

When the binoxide is ignited for a considerable time with potassa, and the 
mass subsecjuently treated with water, a beautiful green solution is obtained, 
coasisting of manganate of potassa (KO,MnOa), the colour of which, on 
farther dilution and exposure to the atmosphere, changes to a beautiful purple- 
red, the permanganate of potassa (KO,MnaOy) being then contained in the 
liquid. This compound, however, likewise slowly decomposes, and the solu- 
tion finally becomes a^lourless. On account of these peculiar changes of colour, 
the green compound has received the name of mineral clmnelion, 

23. COBALT. 24. NICKEL. 

Symbol : Co = 29 • 5 ; Specific Gravity = 8*7. Symbol : Ni = 29 • 6 ; Specific Gravity =8*8. 

95. These two metals occur mostly together, and in a similar state of 
combination, as ores, which contain besides a portion of sulphur and arsenic. 
To remove these latter substances the ores are ignited with potassa and nitre, 
whereby we obtain the soluble arseniate and sulphate of potassa, whilst the 
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oxides of the metals remain behind, and arc then employed for the preparation 
of their respective compounds. Both metals are hard, brittle, difficultly fusible, 
and attracted by the magnet 

Oxide of cobalt produces, with silicic acid, a deep-blue vitreous compound 
(§ 77), which acquires a light -blue colour when finely pulverized, and then 
forms the pigment known as smalts. The salts of cobalt possess a rose-red or 
blue colour ; and it may be remarked, that the chloride is used as a sym- 
pathetic ink. If paper be written iiix)n with a solution of this salt, the writing 
remains invisible, but when gently warmed it appears of a beautiful blue colour. 
If to the cobalt solution a few drops of chloride of iron be added, the writing 
then acquires a splendid green colour. 

The most important appliciition of nickel is in the preparation of the alloy 
it produces with zinc and copper, which is called German-silver or argentine, 
and possesses properties closely allied to those of silver. The salts of nickel 
have a beautiful green colour. 

25. COPPER. 

Symbol: Cu = 31*7 ; Specilic Gravity = 8*9. 

96. Copper possesses a beautiful red colour, and is very tough and malleable ; 
it possesses moderate hardness, and requires a very high temperature foff fusion. 
This metal is frequently met with in the native state, and hei^ it became 
known to the ancients long before iron, which is difficult to rcduc^ the 
metallic form. It frequently occurs, moreover, in combination with oxygen or 
sulphur. 

Sheet copper, as well known, is worked into a great variety of domestic 
utensils, particularly tea-kettles, saucepans, stills, &c.; and it possesses the 
great advantage over iron that it is little afiected by ex|)osure to the atmos|)here. 
With other metals it combines to produce a series of alloys, which are used 
foi- many pur[)oses. Tlie most important of these alloys are the following : 
1. Brass, which consists of 71 parts of copper and 29 parts of zinc, has a 
bright yellow colour, and is commonly emj)loyed in castings. 2. Red brass, 
termed also tomback or similor, consists of 85 parts of copper and 15 of zinc. 
When beaten into thin leaves it constitutes the spurious leaf-gold, the powder 
of which is used in imitative gilding and bronzing. 3. Bronze, which was 
esi^ecially used in antiquity for the^ fabrication of utensils and works of art of 
every kind, consists of from 85 to 97 parts of copper, and from 15 to 3 of 
tin. 4. Gun-metal contains 90 copper with 10 tin. 5. Bell’-metal is 75 to 
80 parts copper, and 25 to 20 tin, 6. German-silver, or argentine, consists 
of 2 copper, 1 nickel, and 1 zinc. 7. Coinage silver and plaJte, and likewise 
coinage gold, invariably contain a small quantity of copper, for the purpose of 

imparting additional hardness. 

Compounds of Copper. 

97. The compounds of copper, in so far as they are soluble, are distinguished 
by a nauseating metallic taste, which is evident when an object of brass or 
copper is placed in contact with the tongue. Taken intehially they act as 
poisons, and for this reason the vessels of copper are now, as far as practicable, 
abolished in domestic economy. But, nevertheless, cases of poisoning by 
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copper frequently occur ; and, ^ a remedial tneans, it is usual to administer, in 
the first place, an emetic, and afterwards copious draughts of sugared water. 
The prevailing colours of the compounds of copper are blue and green, 

(1.) Protoocid& of copper (CuO) is formed as a black mass when metallic 
copjoer is ignited in the atmosphere. The hydrate of this oxide (CuO, HO) is 
obtained in the form of a beautiful blue precipitate when a solution of sulphate 
of copper is decomposed by potassa ; by a gentle heat, however, it loses its 
water, and is converted into the black protoxide. 

(2.) Sulphate of protoxide of Gop 2 ^er (Cu0,S03), or blue vitriol, with water 
of crystallization, is one of the most beautiful salts, and is obtained by heating 
metallic copper with sulphuric acid. It is employed for making many other 
preparations of copper, and is likewise exhmsively used for protecting wheat 
from tlie depredations of insects, which is done by merely digesting tlie seed- 
corn in a solution of the salt. 

(3.) Carbonate of protoxide of copper (Cn0,C02) is a bluish-green precipitate, 
which is formed when a solution of the preceding salt is decomposc'd by car- 
bonate of soda. This compound, which is employed as a colour, is formed 
particularly when cop])er or alloys of this metal are alternately exposed to the 
influence of water and air, and is commonly termed verdigris, 

(4.) Arsenite of proLoxide of copper is the main ingredient of the beautiful 
Schweinfurt green, which, however, on account of its poisonous properties, is 
seldom or never used. 

Of the acetate of protoxide of copper y or tlie true verdigris, wo sliall again 
have occasion to speak. 

26. BISMUTH. 

Symbol: Bi = 213 ; Specific Gravity = 9*8 ; Fusing-point = 24-6'^^ C. (474° *8 F.). 

98. This metal, the colour cf which is reddish-white, is neither of frequent 
occurrence nor is it possessed of properties of any particular value. It may, 
however, be remarked, that when fused and allowed slowly to cool, it exhibits 
a remarkable tendency to crystallize. It is employed as a constituent of the^ 
fusible alloys (see Tin), and its oxide is used medicinally, and as a whib* 
paint. 


27. LEAD (PLUMtBUM). 

Symbol: Pb = 103*7 ; Specific Gravity = 11*5 ; Fusing-point = 322° C. (611'’*6 F.). 

99. Lead is commonly found in combination with sulphur as a grayish 
white, lustrous mineral called galena. When this ore is heated in the atmo- 
sphere, or as the workmen term it, roasted, the sulphur is burned with 
formation of sulphurous acid, whilst the load unites with oxygen to produce 
the oxide from which the metal is subsequently prepared by fusion with coal. 

This ponderous and soft metal, which admits of being cut with a knife, is 
familiar to every one ; it is rolled into plates and drawn out into tubes, and is, 
moreover, used for many kinds of casting, amongst which balls and shot are not 
the least important. It is likewise a constituent of many alloys which will be 
considered under tin. 

100. The compounds of lead are poisonous, and have the eflfect of producing 
violent pains in the bowels, termed lead-colicy against which the sulphuretted 

z 3 
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waters are frequently employed. Poisoning by lead is frequently occasioned 
by tihe use of imperfectly-bumed earthenware (§ 88), and tin vessels containing 
lead. 

(1.) Protoxide of lead (PbO), which is termed also litharge or silver-litharge^ 
is formed when lead is heated in the atmosphere, and is thus obtained as a 
waste product in the separation of silver. It consists of small shining plates of 
yellowish-gray colour, and is employed in the preparation of other compounds 
of lead, particularly of glass and glazes (§ 75), and of varnishes and plasters. 
A mixture of the protoxide and binoxide of lead forms the well-known minium^ 
or red-lead, which \s used as a paint, and for the same purposes as the 
protoxide. 

(2.) Carbonate of protoocide of had (PbOjCO^), or white-lead^ is one of the 
most important colours, and is most simply obtained by passing a sti’eam of 
carbonic acid into a solution of acetate of lead. It possesses in a high degree 
the property of imparting body to colours, and hence is used as the basis of 
most other paints. The inferior kinds of white-lead are largely adulterated 
with heavy-spar (§ 83). The genuine white-lead should dissolve entirely in 
pure dilute nitric acid. 

28. TIN. 

. Symbol: Sii = 59 ; Specific Gravity =7*3; Fusing-point = 228^ C. (442^*4 F.). 

101. Next to silver, tin is the most beautiful of white metals, and on 
account of its lustre and stability in the atmosphere, is employed in the 
fabrication of many utensils for the table. It is most frequently met with in 
combination with oxygen, forming the so-called tin-stom^ from which the pure 
metal is obtained by fusion with coal. Occasionally tin contains arsenic, or it 
is intentionally adultemted with lead, and hence in both cases it is highly 
dangerous. 

This metal is employed in casting, and for preparing and the spurious 

leaf-silver. It is likewise extensively used for protecting sheet-iron from the 
oxidizing influence of the atmos])hcre. The sheets of iron when thus coated, 
or rather alloyed with tin, constitute the well-known tin-plate which is a 
highly valuable material, and is employed for numberless purposes. Copper 
vessels are also tinned, and may then be employed without danger for cooking 
food, as the tin is not in the least degree affected by the materials used in 
cooking. Some of the tin-alloys have been already described under copper ; 
of the others the most important are ; — 

(1.) The solder of the tinman, whicli couFsists of 2 parts of tin and 1 of Icudi 
2. Fusible alloy, formed of 8 parts of bismuth, 5 lead, and 3 tin, fuses at 
100° C. (212° F.), and that which consists of 4 parts bismuth, 1 lead, and 
1 tin, fuses at so low a temperature as 94° C. (201°*2 F.) 

Of the compounds of tin we shall describe : — 

(1.) Protoxide of tin (SnO), which is formed by heating the metal in 
contact with? the atmosphere, and is principally employed in the preparation of 
enamel (§ 77), and of the glaze for the Fayence porcelain (§ 88). 

(2.) Protochloride of tin (SnCl) is obtained in colourless crystals when 
metallic tin is dissolved in hydrochloric acid. In consequence of its property 
of heightening many coloui-s it has received an important use in the printing of 
cotton. 
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(3.) Sulphide of tin, which is prepared by gently hvisting for some time 
scrapings of tin with sulphur, is a golden-yellow compound of metallic lustre 
and is employed as a gold paint vmder the name of Mosaic gotd. ’ 

29. ZINC. 

Symbol: Zn = 32*6 ; Specific Gravity = 6*8 ; Fusing-point = 412^ C. (753^*6 F ). 

102. Zinc is a bluish-white brittle metal, principally obtained from a mineral, 
known under the name of calamim^ whicli is a silicate of protoxide of zim. 
It is used for castings, and, when rolled into sheets, for covering roofs and many 
other purposes. As we have already seen it is a constituent of brass and of 
German silver; and is, moreover, employed by the chemist principally for 
preparing hydrogen. 

The compounds of zinc when taken internally act as poisons, producing a 
nauseating effect upon the stomach, but several of them, and especially the 
white protoxide (ZnO), and the sulphate (ZnOjSOa), which is also termed 
white vitriol, are employed with groat benefit in many diseases of the eyes. 

30. CHROMIUM. 

Symbol: Cr = 2G*7 ; Specific Gravity = 5*9, 

103. This metal is less generally known than the foregoing,, although it is 

one of the most interesting witli which we are acquainted. Almost all its 
compounds are distinguished by a beautiful colour ; and hence it has derived 
its name from the Greek word which signifies colour. 

It is found chiefly in the chrome iron-stom^ which consists of protoxide of 
iron and sesquioxide of chromium (Cr^Og). By igniting the pulverized 
mineral with potassa, chromic acid (CrOg) is formed, and combines with the 
potassa to produce the chromate of potassa (KOjCrOg), which is a yellow salt, 
soluble in water, and is employed in making all the other compounds of 
cliromium. 

TJie metal itself, like manganese and pure iron, is extremely difficult to fuse ; 
at present it has received no important application. We shall, therefore, pass 
at once tf^ the consideration of its compounds. 

(1.) Sesquioxide of chromium (Ci jO,) is obtained in the form of a beautiful 
green powder, when chromic acid is reduced by gently warming a solution of 
chromate of potassa with sulphide of potassium. It may be likewise prepared 
by a variety of other processes, but is always more or less of a fine green 
colour j it is employed os a pigiucutj ttud cepcuiallj in the puiiitiiig of glass and 
porcelain (§ 77). 

(2.) Sesquichloride of chromium (CrgCla) is a crystalline compound occurring 
in brilliant peach-coloured scales. It has, however, received no application. 

(3.) The double salt of sulphate of sesquioxide of cfpromium and sulphate of 
potassa (CrPajSSOg -f KO,SOa) forms beautiful garnet-red crystals. It is 
termed chrome-aluni, and is without application. 

(4.) On the other hand, the chromate of lead (PbO,CrOa), in its various 
modifications, is much employed as a yellow pigment, and is obtained on mixing 
a solution of a lead-salt with chromate of potassa. 

(5.) Amongst the numerous other combinations of this metal, which our 
space will not allow us to describe, the most important is, perhaps, the 
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chromate of mercury^ which is distinguished by its beautiful vermilion-red 
colour. All the compounds which are soluble produce a poisonous effect upon 
the animal economy. 


31. ANTIMONY (STIBIUM). 

Symbol: Sb = 129; Specitic Gravity = 6*8; Fusing-poiut = 425^ C. (797^ F.). 

104. We observe in antimony one of the most brittle metals, since it 
admits of being readily pulverized. It has a bluish-white colour and fine- 
grained fracture, and is but little alterinl on exjK)siu-e to the atmosphere. An 
alloy, consisting of one part of this metal and four of lead, is used in ty[Ki- 
founding. 

The com[X)unds of antimony are remarkable for their medicinal elTects, and 
therefore rank amongst the most important remedial ag»‘nte. In large quan- 
tities they induce sickness, and sometimes act Jis poisons, Imt in small doses 
their ed(?cts are |K>\verfnlly sudorific. The most importiintof these com(K)uiKls 
employed in medicine are the tartrate of teroxide of antimony and ]X)tassa, 
which is termed also tartar-emetk\ and the tersulj)hido (ShS^), which occurs 
native as a black crystalline lustrous mineral, whilst that which is artificially 
prepared fonns a Ix^autiful orangt^-retl piwder (§ 4d). Antimony likewise 
combines with more oxygon, producing antimonious acid (SbO^) andantimonic 
acid (SbOj). 

32. MERCUHF (IipRAIlGVKUl^ 

SjTnbol: Ilg = 100; Specific Gravity « 13*5; Boiling point =* 380 0. (680’ F,). 

105. Witli this metal we commence the series of tlu^ noble metals, which 
remain unaltere<l by exyiosuro to the atmosphere. 

Mercury exhibits the remarkable pro|)erty that, whilst it is one of the 
heaviest Ixxiies, its particles adhere so slightly together that it remains fluid at 
the ordinary temperature of •our atmosphere. Its important appliaition the 
barometer and thermometer lias lxx:n already alludwl to in the s<xtion Physics. 

It poss<.?ssos, moreover, other proj)erties, wdiich have led to hipily-ini|K)rtant 
applications of this nieUil ; amongst these, perhaps, tlie most remarkable is, its 
power of overcoming the cohesion of the particles of, and dissolving other 
metals, pro<liicing sf*mi-fluid conqxiunds teninsi atnaJi/atna, 

Such an amalgam of tin and mercury is employtjd iis a coating for tlie glass 
used for mirrors. The amalgam for ek^ctrical machinf« consists of two puis 
of mercury, one part o<' tin, and one of zinc. Mercury is likewise indisi^jnsablc 
in the parting of gold and silver, and in the process of gilding. 

This met^ is found either native or in combination with .sul|>hur, and is 
prqiared from the latter by mixing it with iron-filings, and submitting it to 
• distillation. It is met with in small quantities in Khenish Bavaria in Germany, 
bat the chief quantity of that which is met with in commerce is inipirtecl 
from S]>ain, South America, and more recently it has been inifiorted from 
China. 

106. The compounds of mercury generally are |x>werful poisofis, and even 
the vapours of the metal itself are highly pernicious, inducing, in the first 
place, a copious flow of saliva. In small doses, however, several of these 
compounds are employed as remedies which produce remarkable effects upon 
the organism. 
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(1.) Protoxide of mercury (HgO) is obtained as a brilliant brick-red powder, 
by igniting the nitrate. It is chiefly employed in preparing oxygen, and in 
medicine as a constituent of eye-salves. 

(2.) Chloride of mercury (HgCl) is likewise termed sublimate^ since it is 
obtained by tlie sublimation (rhysics, § 129) of common salt with sulphate of 
protoxide of mercury. It is one of the strongest |K>isons, exerting its destractive 
power both upon plants and animals. Hence its solution is employed as a pre- 
ventive against the pro[)agation in timber of a |)eculiar fungus, known as dry- 
rot, which often makes enormous ravages in wood-work. This process is named, 
afler its discoverer, Kyanizing, Sublimate is, moreover, employed as an external 
remedy for ring-worm and other obstinate diseases of the skin. 

(d.) Subchloride of mercury (Hg,Cl), or cahmel, which is obtained by sub- 
liming a mixture of the chloride and metallic mercury, is one of the most 
frequently employed medicines, acting chiefly as a purgative. 

(4.) Sulphide of mercury, or cerrnilim (HgS). — We have already several 
times mentioned this coni|x3und, which is known also by the name of cinnabar. 
Although this beautiful crimson colour occurs in Nature ready formed, it is, 
nevertheless, artificially prejjjired by subliming one {>art of sulphur with six 
jxirts of mercury, and subsequently triturating the mass obtained to an impal- 
pable ]x>wder. A very magnificent kind of cinnabar is pre^wed by the 
Cliincse. 


s33. SILVEKj^ARGENTUM). 

Symbol : Ag =: 108*1; S|xH:iiic Cinivity ar 10; Fussing point = 1000® C. (1832® F.), 

107. Silver, although it is not the most costly, is, nevertheless, one of the 
most bfMiutiful motiils, iuid the bright lustre of plate, and the Duml>erles8 
objects into which it is worked, universally excite our iuiminition ; it is, more- 
over, exoeedinfijly malleable and ductile, and admits of Ixsng wrought into the 
most Iteautiful works of art, and drawn out into tlgu wires ; it is also the best 
known conductor <»f halt and electricity. 

Silver is fotttid in the metallic state, and fretjiiently alloyed with leatl, as in 
tin.* argcfiitifemus galena. Fn»m this ore the silver is prepirwl by roosting in a 
smelting furoacc, whereby the lead is volatilized in tlie form of oxide, whilst the 
pure silver remains Ixfhind. 

In some countries, as in Saxony and South America, reaairse is had to 
another process, that of amftlgftmatiou, whicli dcpaids oil tlie easy solubility of 
silver and other metiils in mercury\ The ore, al’ter being reduced to a fine 
|)ovvdor, is mixed with common salt, and roasted at a low red-heat, whereby 
any sulphide of silver the ore may contain is convert<Hl into chloride. The 
mixture *is then placinl, with some water and iron tilings, in a l)arrel which 
revolves round its axis, and tlie whole agitated for some time, during which 
pi*oct*ss the chloride of silver liecomes reduced to the metallic state. A portion 
of mercury is then introduced, and tlie agitation continued. The mercury 
oombines with the silver, and tlie amalgam is tlien se{iarated by washing. It 
is afterwards pressed in woollen liags to free it from the greater part of the 
mercury, and then heated, when die last trace of mercury volatilizes and leaves 
die silver Ix^hind. 

108. Nitrate of silver (AgO,NO,) is obtained in splendid white crystals 
when metallic silver is dissolved in nitric acid. It acts as a pow^erfiil caustic, 
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readily destroying the animal tissues, and is extensively employed in surgery, 
as an external remedy, under tlie name of lunar caustic. When in contact 
with soluble organic substances it communicates to them, after a short time, 
a black colour, which is due to the reduction of a portion of the silver ; hence 
it is employed as the basis of the indelible inks used for marking white linen. 

Chloride of silver (AgCl). When to a solution of silver is added chlorine, 
or any chlorinated compound, we obtain this compound as a white precipitate, 
which, on exposure to the light of the sun, speedily acquires a violet colour, 
which finally passes to black. The ioduk of silver is even more rapidly altered 
by light ; to this, however, we shall again have to return. 

34. GOLD (AURUM). 

Symbol : Au = 197; Specific Gravity = 19*5; Fusing point = 1200 ^ C. (2192'^ F.). 

109. Gold is the most beautiful of all the metals, and by the ancients was 
termed the sun, or the king of metals. It appears to be pretty generally dif- 
fused in Nature, but never-occurs in large masses, and hence it is also of higher 
value than any of the other metals. It is most frequently found in South 
America, California, Australia, East Indies, Africa, Hungary, and in the Ural 
Mountains. In general it is met with in the metallic state, partly in large 
fragments, but more frequently disseminated in small grains through various 
rocks. From the disintegration of these rocks is derived the gold-sands of 
many rivers, and from which the gold, on account of its high specific gravity, 
is readily separated by washing. But fA)m poor ores it is generally obtained 
by amalgamation with mercury, which dissolves the gold, and which is after- 
wards separated by distillation, when the mercury is volatilized, and the pure 
gold remains behind. 

The most remarkable property of gold is its extreme ductility. A single 
grain may be drawn into a ^ire 500 feet in length. It allows of being beaten 
into leaves which scarcel* exceed of an inch in thickness. It is, 

therefore, employed for gilding a great variety of objects, the process being 
effected either by coating them with the leaf-gold, as in the case of picture- 
frames, or by painting the metallic objects with a solution of gold in mercury, 
and subsequently exposing them to a high temperature whereby the mercury 
is volatilized. Objects of art are also frequently coated with gold by the 
electrot}qDe process (§ 113), 

With regard to the chemical properties of gold, it may be remarked that 
it is attacked by none of the individual acids ; it is, however, dissolved by 
free chlorine. To obtain this metal in solution it is usual to employ a 
mixture of nitric and hydrochloric acids (§ 36), which is known under the 
name of aqua regia. 

This metal being pretty soft and very costly, is never employed in the pure 
state. For coins and objects of art it is usually alloyed witli silver or copper, 
which impart to it considerable hardness. 

36. PLATINUM. 

Symbol : Pt = 98*7; Specific Gravity =21. 

110. This metal has been known only since the discovery of America, and 
the greater part occurring in commerce was exclusively imported from the 
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Southern portions of this Continent, pitil within the present century it was 
found in the Ural Mountains. It is invariably met with in the metallic state 
of a whitish-gray colour ; it is, moreover, pretty soft and highly ductile, and, 
like gold, is only attacked by free chlorine, which in the form of aqua regia 
readily dissolves it. It is distinguished from gold by being infusible in the 
strongest fires, a property which renders it a highly-valuable material in the 
fabrication of many chemical vessels, such as crucibles, dishes, &c. As we 
have already seen (§ 41), the stills employed in the rectification of sulphuric 
acid are made of this metal, and sometimes cost from one to two thousand 


pounds. In Russia, platinum is coined into money ; but the infusibility of this 
metal renders it extremely difficult to work. 

In the finely-divided state it forms a gray and very porous mass, which is 
known as fipongg platinum^ and possesses the remarkable property of condensing 
gases within its pores. Hence, when a jet of hydrogen is directed upon a 
piece of spongy platinum, the heat caused by its condensation suffices to inflame 


the gas. This singular power has been applied to tbe construction of a very 
beautiful apparatus, known as Dobereiner’s lamp (fi§, 40), which consists of a 
glass jar a, covered by a brass lid e, which is furnished with 
a suitable stop-cock c, and in connection with a small bell- j Qc 
jar /, in which is suspended, by means of a wire, a cylinder 
of metallic zinc z. When required for us(\ the outer jar is 
two-thirds filled with a mixture of one part sulphuric acid 

and four parts water, and the stop-coek opened to allow the / \ 

escape of atmospheric air, the spongy platinum contained in y* 

the small brass cylinder d being covered by a piece of paper. 

The stop-cock is then closed, and the boll-jar f allowed to 

fill with hydrogen, and after it has been filled and emptied ✓ ^ 

several times, the paper is removed from the platinum and 

the cock is again opened, when tlie gas, wdiich escapes first, 


makes the metal red-hot, and finally inflames. 


40 . 


II. Peculiar Decompositions of Simple Chemical Groups. 

(1.) DECOMPOSITION^ BY ELECTRICITY. 

111. When an electrical current (Phys. § 180) is passed througli a liquid 
chemical corrq^ound, a decomposition is found to take place, if the stream is 
sufficiently powerful, and providing the two electrodes are not placed too far 
from eacli other. In decompositions of this nature we observe the })ecu- 
Jiarity that one constituent of the compound is evolved at tlie positive pole, 
whilst the other appears at the negative pole. Hence the former is termed 
the elevtiwuegatm, and the latter the electro-po^itke of the compound. 

If the electrodes are constructed of a metal ])ossessing the property of com- 
bining with the evolved bodies, we observe tliat such an union takes place, 
as when the wires are made of copper and an oxygen compound is decom- 
posed, the oxygen unites with the copper to form the protoxide of this metal. 
Hence the conducting wires are generally made of platinum, a metal which is 
affected only by a few bodies. 

In the decomposition of salts, the acid makes its appearance at the -(- pole 
and the base at the — pole. If, therefore, a solution of sulphate of soda 
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(NaOjSOj), coloured blue by a little infusion of violets or blue cabbage, 
is introduced into the V tube, fig. 41, and a stream of 
( ^ electricity is passed into it by the two wires c, the 

c» ' sulphuric acid is liberated at the + pole, and colours 

the liquid in that branch of the tube red, whilst in the 
branch the liquid is coloured green by the soda, 
which is set free at the — pole. As soon as the 
current is interrupted, the acid again combines with the 
base, and the liquid thus rendered neutral regains its 
41 . blue colour (comp. § 17). 

If the two inverted tubes, fig. 42, filled with water, and a powerful 
^ current of electricity passed through them, the water 

I is decomposed, and we obtain in tlie one tube oxygen, 

and in the other a double volume of hydrogen (§ 28). 

I 112. With regard to the elements already known to 

us, it may be remarked, that under all circumstances 
L oxygen is eliminated at the + pole, and potassium at 

; [I the — pole. The other simple bodies, however, some- 

t times appear at the one pole, and sometimes at the 
other. 

In the following electrical series, the elements are so 
arranged that each substance deports itself electro-nega- 
tively towards those which follow, and electro-posi- 
tively to those which precede it. As, for example, 
chlorine when in combination with oxygen, is evolved at 
^ the — pole, and from its compound with hydrogen, at 
7- - ■ the + pole. Those elements, which in this series are 

placed farthest apart, have stronger opposite affinities 
42 . than those which are nearer to each other. 




Electrical Series of the Elements. 


-Oxygen, 

Sulphur, 

Carbon, 

Chromium, 

Copper, 

Aluminum, 

Magnesium, 

Bismuth, 

Nitrogen, 

Boron, 

Lead, 

Cobalt, 

Calcium, 

Chlorine, 

Antimony, 

Strontium, 

Bromine, 

Silicium, 

Nickel, 

Barium, 

Sodium, 

Iodine, 

Gold, 

Iron, 

Zinc, 

Hydrogen, 

Manganese. 

Fluorine, 

Phosphorus, 

' Arsenic, 

Platinum, 

Mercury, 

Silver, 

+ Potassium. 


The importance of these facts to science is unmistakeable, and, indeed, many 
attempts have been made to explain, from the electrical condition of the elements, 
the nature of chemical affinity, and of chemical phenomena in general. 

The Electrotype Process. 

113. This is one of the most beautiful applications of decomposition by the 
electric stream. A solution Of a metallic oxide, such as sulphate of protoxide 
of copper, when submitted to the influence of the electric current is decom- 
posed, the oxygen being separated at the positive, and the copper at the 
negative, pole. But as metals do not readily combine with each other, the 
copper in this instance forms a coating upon the surface of the electrode. It 
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is, however, perfectly indifferent whiat ibrm we give to the pole, so that it may 
terminate either in a wire, a ball, or a plate with a plane or a partly convex 
and concave surface; the coating of copper thus deposited by the electric 
current necessarily assumes the form of the corresponding pole. By this pro- 
cess, then, the most accurate casts of medals, engraved copper plates, &c., 
may be prepared. 

Gildirig and stlvering by the galvanic process depend upon the same prin- 
ciples. But in this case a solution of gold or. silver is introduced into the 
liquid, and the object to be gilt forms itself the negative pole on which the 
liberated noble metal becomes deposited. 

. 2. DECOMPOSITION BY LIGHT. 

114. In addition to its luminous properties, the light of the sun manifests 
an important influence, especially upon chemical affinity and the vital power. 
We have already seen (§ 22) that the leaves of plants evolve oxygen only 
when exposed to the solar rays ; and that chlorine and hydrogen (§ 36) do not 
combine unless subjected to the same influence. In the section Physics (§ 88) 
we have defined light as the vibration of aether ; and we perceive therein a 
certain means of exciting the activity of material particles, of which, however, we 
cannot form a clear conception, nor can we prove it by experimental evidence. 

Dagherreotype Process. 

The beautiful daguerreotype portraits, or photogi’aphic pictures, which are ob- 
tained by the decomposition of chemical compounds by solar light, have of late 
acquired considerable celebrity. The process may be explained as follows ; — 

Iodide of silver is a compound which is highly susceptible of the influence of 
light. For daguerreotype experiments it is most conveniently obtained by 
exposing a polished plate of silver to the vapour of iodine until it becomes 
covered with a pale yellow film of iodide of silver. As is well known (Phys. 
§ 143), the lighter-coloured bodies, or lighter parts of bodies, reflect more 
light-rays than darker sul.)stances. If, therefore, the iodized silver-plate be 
introduced into a camera obscura, and the image of an object ])roduced by a 
compound lens be allowed to fall upon it, the iodine will be separated from 
the silver on those parts of the ])late nix)n which the light-rays from the object 
fall. This decomposition is effected more rapidly and completely upon those 
parts where most light falls. In a few seconds this decomposition is completed ; 
it is not, however, sufficient to ])roduce a distinct picture. The plate, therefore, 
is afterwards exj)osed to the vapours of mercury, which amalgamate with those 
jjarts of the surface which are freed from iodine, and thus the picture is de- 
veloped. The plate is then immersed in a saline solution, which removes the 
ejccess of iodide (>f sil ver, and thus prevents any further action of the light upon 
the plate. I)aguerreoty]:)e i)ictures consist of a dark ground, upon which, in 
certain places, minute bright globules of mercury are deposited. The picture, 
however, in this state may be readily rubbed out, and in order to protect it 
from injury, it is COatGd by ths galvanic process with an exceedingly thin film 
of gold, and afterwards put in a frame and glass. 

Tlie discovery of this process, which gives pictures of wonderful fidelity, 
was made in Paris in 1839, by Daguerre^ who received from the French nation 
a handsome recompense for his labours. 

2 A 
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(B,) COMBINATIONS OF THE COMPOUND GROUPS. 
(organic chemistry.) 

115. As we have already shown at § 13, the compounds now to be considered 
differ very materially from those hitherto described. This becomes at once 
evident by a comparison of the individual formulae which the simple and com- 
]:x)und groups of chemical compounds present to us. 


SIMPLE CROUPS. 



Formulae. 

©© 

Water ------ =r 

HO 


1 

1 


Carbonic Acid - - - - = j 

1 CO. 


Sulpliiiric Acid - - - - = 

so. 




®®© 

Sulphate of Soda ----- 

NaO, SO, 


i 

1 

i 

j 

! 


GOGOGOCO 


COMPOUND GROUPS. 



Formula?. 


Acetic Acid (Anhydrous) - = 

C,H,0, 

Tc Yc YcYc^ 


1 


Spirit of Wine - - - - = 

CAO, 

^ H Y J 

YcjTcJ C^X^y 

( oYoYo^oYoj 

Sugar (Anhydrous) - - = 

c.iiA 

( ® X® X®A ® A 

OlXsXsXsX®) 
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From this it will be geen that a wajber-eqiii valent is a group of two inch- 
vidual particles, an equivalent of sulphuric acid of four, and that an equivalent 
of sulphate^ soda consists of six particles. On the other hand, an equivalent 
of acetic acid is formed of ten individual particles, an equivalent of sugar of 
sixteen, and many other substances occur which arc composed of even a still 
larger number of particles. 

it would be impossible for us here to elucidate the reasons which have led 
chemists to the conviction that these compounds actually consist of such com- 
plex groups of simple particles. It will suffice to mention that all past expe- 
rience leads to such a conviction. 

116. In reference to the compounds of tliese complex groups, we have ar- 
rived at the following general facts : — 

(1.) The dements which combine together to produce those compounds 
are — carbon^ hydrogen^ oxygen^ nitrogen^ sulphur^ and phospJim'us, Some com- 
pound bodies consist of two of these elements, namely, of carbon and hydrogen, 
but the greater numl)er contains three — carbon, hydrogen, and oxygen; a large 
number consists of four — carbon, hydrogen, oxygen, and nitrogen; and only a 
few contain five or six, including, with the last-mentioned elements, suljihur and 
])lios]^homs. Many organic compounds, which are however comparatively of 
less importance, contain, in addition to the above-mentioned elements, chlorine, 
bromine, iodine, arsenic, antimony, &c. ; hence we may assume that every 
element may occur as a constituent of organic compounds. It will be re- 
marked that carbon is an invariable constituent of all those combinations. 

(2.) The great multiplicity of these combinations arises from the hict that, 
generally several eciuivalents of each of these simple bodies unite togetlier, as 
has already been shown in the case of acetic acid, s[)irit of wine, and sugar. 

(3.) It is difficult and irrniost cases impossible to unite such a gi'oat number 
of equivalents of simple bodies by merely bringing them into contact. In the 
vegetable and animal organisms, however, the elements are, by the co-operation 
of several forces, placed in such favourable circumstances, that they comlane 
to ])roduco an extensive series of chemical compounds, ^vhich are called, in 
reference to their origin, organic compounds. 

(4.) Under the influence of a vai’iety of causes, such as heat, light, elec- 
tricity, chemical affinity, and frequently even mechanical action, the wganic 
combinations are destroyed and separated into more simple compounds. Thus, 
for instance, anhydrous grape-sugar (CeHoOe) is easily split into alcohol (C^HgOg) 
and carbonic acid (2COg). The property of passing through entire series of 
metamorphoses is characteristic of organic com])ounds. 

(5.) In almost every complex organic combination, we are able to prove 
the existence of a more simple compound of greater stability which is generally 
termed the radical of the combination. The nature of these radicals wdll be 
.subsequently described. 

(0.) Finally, if W6 caroftlllj’ consider the simple substances, detailed in (1.), 
which enter into the composition of organized bodies, we cannot overlook the 
fact that with oxygen they may all form gaseous combinations. If, there- 
fore, an organic body be ignited with access of air, it is completely consumed^ 
and generally after it has been converted into a Mack carbonaceoits mass. This 
property of blackening, which is due to the presence of carbon, is a sure 
characteristic of an organic compound. 
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(7.) Those organic bodies which consist only of carbon, oxygen, and hy- 
drogen, are easily distinguished from those which contain also nitrogen or 
nitrogen and sulphur. The presence of these two latter constitu||ts may be 
recognised in the spontaneous decomposition or dry distillation of the organic 
bodies, by the offensive odour of the products evolved. These products Consist 
chiefly of ammonia and hydrosulphuric acid. Hence any nitrogenous substance 
may be detected by burning it ; it then disengages vapours which have the 
odour of burnt hairs or feathers ; or the substance under examination may be 
heated with hydrate of lime, when, if nitrogen be present, a distinct odour of 
ammonia will be evolved. 

1. Compound Radicals and their Combinations. 

117. By the reaction of several substances upon alcohol we are enabled to 
obtain an entire series of combinations, which, in reference t(j their composition, 
stand in a remarkable relation to each otlier, as well as to the alcohol from which 
they are derived. We must here confine ourselves to the names and formula; of 
these substances, the greater number of which possess merely a scientific in- 
terest ; only a few of them being employed in medicine. 

Name. Composition. 

Alcohol ----- C^II50;H0 

Ether ------ C4 H.. O 

ChlorMe of Ethyl - - - Cl 

Bromide of Ethvl - - - Hj Br 

Iodide of Ethyl - - - C^ I 

Sulphide of Ethyl - - C4 S 

Cnrbonate of Ethyl - - C4 II5 0 , COg 

Oxalate of Ethyl - - - C4 Hj 0 , CgOy 

Nitrite of Ethyl - - - C4 H5 0, NO3 

It will be observed, that in this series, the number of equivalents of carbon 
and hydrogen is the same in all these combinations, with the excej^tion of the 
alcohol itself. This leads to the assumption that, in all the above-mentioned 
substances, there exists a combination, C 4 H 5 , which presents, in its chemical 
behaviour, the greatest similarity to a simple body. This compound has, 
therefore, been considered as the radkal of the series and is termed ethyl^ for 
which the symbol Ae has been adopted. 

Let us once more examine this series and notice how it presents itself after 
the introduction of Ae instead of C 4 H 5 , To assist the comparison w^o will 
write, in juxtaposition, a corresponding series of the combinations of a simple 
Ixxly : — 

^ Cumpound R!uli<.'ul. : Simple Kudieul. 

^ Ethyl K = Potassium 

Ae -p 0 = Oxide of Ethyl (Ether) K -p O = Oxide of Potassium (Potossn) 

Ao 4 - Cl = Chloride of Ethyl K + Cl = Chloride of Potassium 

Ac I = Iodide of Ethyl K -j- I = Iodide of Potas.siiim 

Ae 4 " br — Bl'OinidS of Ethyl K -f Br = Bromide of Potassium 

Ae + S = Sulphide of Ethyl K + S = Sulphide of Potassium 

Ae 0 HO = Hydrate of Oxide of Ethyl KO -p HO = Hydrate of Oxide of Potas- 

(Alcohol) sium (Potassa) 

Ae 0 + COg = Carbonate of Ethyl KO + COg = Carbonate of Potassa 

AeO -I- 0263= Oxalate of Ethyl KO + Cg 08 = Oxalate of Potassa 

AeO + NO3 = Nitrite of Ethyl KO + NOg = Nitrite of Potassa 
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The opinion, that this series of combinations is produced by other simple 
and compound bodies combining with the compound organic radical etliyl, has 
been strengthened by the fact, that also in acetic acid, benzoic acid, formic acid, 
fusel-pil, and several other organic combinations, we have proved the existenc(i 
of such radicals which give rise to scries of combinations perfectly analogous to 
those of the radical above mentioned. 

Although it is the object of many chemical investigations made at the 
present day to discover in all organic combinations the corresponding radicals, 
still there are many organic substances of great importance, the radicals of 
which have not yet been discovered. 

We can here only allude to these remarkable relations. In the following 
pages we shall, without. »rjgard to theoretical opinions, classify the organic 
combinations, according to.tlieir general chemical properties, into acids^ bases^ 
and indifferent hodks. 

(I.) ACIDS. 

118. The organic acids are mostly contained in the sap or in particular parts 
of ]dants, and especially in fruits. Without being corrosive, they have a pure 
acid taste, and none, with the exception of oxalic acid, exerts a poisonous 
inlluence on the animal economy. All these acids possess a feebler affinity 
than sulphuric acid, and are, therefore, separated by this acid from the bases 
with which they may be combined. They are either volatile or non-volatile, 
and arfe usually prepared by saturating the lie juids containing them with lime, 
evaporating the solution of the lime-salt thus obtained to dryness, and sub- 
sequently decomposing it by sulphuric acid, when the organic acid which is 
thus lil)erated is either distilled off or sepamted by filtration. 

Another common mcjde of preparing the non-volatile acids is to combine 
the acid with protoxide of lead, and to decompose an aqueous solution of the 
lead-salt by hydrosulphuric acid. In tins manner we obtain an insoluble ja-ecipi- 
tate of black sulphicle of lead, whilst the acid is held in solution in the water, 
and is obtained by filtration in a state of jnirity. Of the large number of 
organic acids, we shall describe only the most important — namely, acetic, 
tartaric, citric, malic, oxalic, tannic, formic, lactic, and tlie fatty acids. 

1. ACETIC ACID. 

Fonnula = 041X303; Symbol = A. 

119. Only a limited number of vegetable juices in their natural condition 
contain acetic acid ; it is, however, readily formed when spirit of wine, or 
vegetable juices capable of undergoing alcoholic fermentation, is exposed, under 
certain circumstances, to the influence of the atmosphere, or when vegetable 
matter, especially wood, is submitted to dry distillation. 13oth tliosc processes 
will be more minutely doscriVied farther oil, 

The purest and most concentrated acetic acid forms at 5° C. (41° F.) beau- 
tiful transparent crystals, which, however, liquify at a temperature of 16° C. 
(60*8° F.). When dissolved in a large quantity of water, they have an agree- 
ably refreshing odour and taste, and hence arc frequently used at table as 
vinegar. Of the salts of this acid we shall mention only the following 

Acetate of protoxide of had (PbO,A). This salt is obtained by dissolving 
oxide of lead in strong vinegar, and crystallizing the salt which is thus formed. 

2 A 3 
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It has a sweetish taste, and is, therefore, termed sugar ofUad, The solubility 
of this salt in water renders it peculiarly adapted to the prepamtion of most 
of the other compounds of lead, such as the chrome-yellow and- wliite-iead 
(§ 99), and, therefore, to the purposes of dyeing. A solution of sugar of lead 
is emJ)loyed in medicine as an external remedy, under the name of Gouhrd's 
Extract^ and when more diluted it forms the well-known GoidarcTs water. 
An addition of sugar of lead promotes, in a high degree, the drying of oil- 
colours. Acetate of lead is, moreover, a powerful poison. 

Acetate of copper (2CuO,A), commonly called verdigris^ is ])roducod by 
placing sheets of copper in contact with acetic acid. It has a bluish-gret'i) 
colour and is likewise poisonous. 

Acetate of potassa and acetate of ammonia are vefj’ frequently employed in 
medicine, particularly for promoting the healthy functions of the skin. 

2. TARTARIC ACID. 

Formula = Cg Ojo ; Symbol = T. 

120. This acid is contained especially in the juice of the grape, and when 
perfectly pure it forms colourless tebular crystals of strongly acid taste. Its 
most important compound is the hitartrate of potassa (KO, HO, T), which is 
deposited as an incrustation upon the bottoms of casks in which new wine is 
stored. The purified salt is beautifully white, and its powder is employed in 
medicine under the name of cream of tartar. In dyeing it is frequently used 
as a mordant. The double salt of tartrate of potassa and tartrate of teroxido 
of antimony, called tartar-emetic^ is much employed as an emetic. 

3. CITRIC ACID. 

Fonnula = Cjg On ; Symbol = C. 

121. Citric acid is found in the free state, chiefly in the citron and lemon, 
and also in gooseberries, currants, and other fruits. It is distinguished by an 
agreeably acid taste ; it forms columnar crystals, which, like the preceding, 
arc frequently employed in dyeing. 

4. MALIC ACID. 

Formula = ; Symbol = M. 

122. This acid is contained in almost all fruits, particularly in apples, and 
rnc^t abundantly in the berries of the mountain-ash, from which it is commonly 
pi% 2 U’«d. It is cry stall izable and highly acid, but is without application. 

5. OXALIC ACID. 

Formula = Og; Symbol = 6. 

123. The saps of common sorrel and of wood-soirel contain oxalate of 
potassa (KO, 20), which is obtained from these vegetable juices in colourless 
crystals, and is commonly called salt of sorrel. This salt, as well as the acid 
itself, forms a readily-soluble compound with the oxide of iron, and hence its 
frequent application for removing spots of ink; it is likewise used in dyeing. 

We may remark that this acid is artificially prepared in large quantities by 
gently heating sugar with nitric acid. In consequence of its simple constitution 
it may be also arranged with fhe simple groups. The acid and its soluble 
salts are poisonous. 
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6. TANNIC ACID. 

Formula = C9 H3O5; Symbol = Qt. 

124. This acid is diffused to a great extent throughout the vegetable 
kingdom, and we may assume that all vegetable matters which possess an 
asti’irigent taste contain tannic acid. It occurs, however, most abundantly in 
the bark of the oak, and in gall-nuts. When prepared from these substances 
it forms a yellowish powder of highly astringent taste. Its acid properties are 
very feeble. In medicine it is employed as an astringent, both internally ami 
externally, especially for arresting haBniorrliage, &c. 

The most remarkable property of tannic acid is that of producing with the 
oxides of iron a deep vi«)let or black compound, which under the name of inr 
is, incontestably, one of the most important requisites of the present age. 

Ink is prepared by boiling together, for some time, 3 oz. of bruised galls and 
1 oz. of sulphate of iron, wnth 2 or 3 pints of water, to which is then added 
1 oz. of log- wood, and finally. It oz. of gum-arabic, for the purpose of rendering 
it somewiiat thicker. A similar solution is employed for dyeing various kinds 
of cloths of a black, gray, or violet colour. If we desire to ascertain whether 
a liquid, as for instance water, contains iron, we macerate a gall-nut in water 
or brandy, and add a few drops of the tincture thus prepared to the water, 
which instently becomes of a violet colour, if it contains only a trace of iron. 
If fruit be cut with a knife a portion of tlic iron becomes dissolved by the acids 
always present, and subsequently combines witli the tannic acid, contained 
principally in the rind, and ap])ears as a blue or black coloured 'compound. 
Wine, which contains tannic acid, when mixed with a chalybeate w’ater, like- 
wise imparts a violet colour to the mixture. 

Tannic acid has derived its name from the property it possesses of forming 
with hides, a compound which is insoluble in water, and commonly known as 
leather^ hence it is an essential requisite in the process of tanning, which we 
shall describe farther on. 


7. FORMIC ACID. 

Formula = Cg HO3 ; Symbol = F. 

125. Ants contain a somewhat caustic acid, which may be used by these 
small insects as an important weapon of defence. The properties of this acid, 
however, have been accurately known only since the discovery of a mode of 
artificially preparing it by the distillation of a mixture of sugar, binoxide of 
inanganese, and sulphuric acid. In the concentrated state, formic acid is a 
colourless volatile liquid of penetrating odour and caustic properties, for when 
placed upon the skin it almost instantly raises a blister similar to that produced 
by burning. 

8 . LACTIC ACID. 

Formula = C^ O5 ; Symbol = L. 

126. Lactic acid is present in many vegetable and animal substances, partly 
already formed, and partly only subsequently produced by the process of 
decomposition. Fresh meat invariably presents a feebly-acid reaction, due to ■ 
the presence of a minute quantity of lactic acid which the juice always contains. 
It is met with in iwine, and as a product of decomposition in sour milk, in the 
juice of sourkraut, and other pickles, such as ghirkins, &c. It is uncrystallizable, 



262 


CHEMISTRY. 


and has a strongly acid taste ; at present it is applied to no particular purpose. 
The efficiency, however, of sour whey, in removing stains from table-cloths, is 
due to this acid. 

9, FATTY ACIDS. 

127. These acids \yill be more minutely considered when we speak of their 
natural compounds called fats^ which comport themselves as indiflereiit bodies. 


(2.) BASES. 

128. Certain vegetable subshinces, by their singularly bitter taste and re- 
markable ellecls uj)on the animal system, have from an early period excited 
attention, and have claimed the character of valuable remedial agents. We 
may mention as examples the quina-bark and opium. Recent investigations 
have shown, however, that not tlie entire mass of these substances possesses 
the same medicinal qualities, but that the greater part of them consist of ineffi- 
cacious substances, such as woody fibre, resin, gum, &c., whilst the peculiar 
active constituent forms only a very minute share of their weight. 

A German chemist of the name of Serturner, in 1801, was the first who 
succeeded in extracting the active principle from opium. Shortly afterwards 
similar substances were discovered in other plants, and when prepared in the 
pure state it was observed that they comport themselves as bases^ and pro- 
duce, with.v acids, fine colourless and distinctly-ciystallizable salts. An the 
vegetable bases contain nitrogen, and in general possess the following pro- 
perties They are colourless and odourless, but of extremely bitter taste. In 
water they arc insolulde, but on the other hand are solulde in spirit of wine, 
and many also in ether. Even in very small doses they produce a powerful 
effect upon the systems of ])lants and animals, the greater part of them being 
])otent poisons. They are ein]iloyed exclusively in medicine, to which they 
have proved of the greatest importance. Whilst formerly it was necessary in 
ague and other diseases of an intermittent character to take many ounces of 
pulverized quina-bark to effect a cure, it is now only requisitfi to take a few 
grains of quinine to eradicate the same disease. By the use of quinine, more- 
over, we gain another advantage, namely, we avoid the above-mentioned vegetable 
matters, which not unfrequently desti'oy the effects of tlie base. For example, 
the quin|t-bark contains a large quantity of astringent tannic acid, and opium a 
variety of principles which render the application of iti impossible where its base 
may be administered with great advantage. 

The vegetable bases are usually prepared ip the following manner : — The 
parts of j^lants which contain them are boiled with water, containing an admix- 
* ture of sulphuric acid. In this manner is obtained a soluble sulphate of the 
base, which is decomposed by the addition of ammonia. The latter produces 
with the sulphuric acid a soluble sulphate of ammonia, while the base is pre- 
cipitated. The base, which is generally somewhat coloured, is redissolved in 
dilate sulphuric acid, boiled with animal charcoal, and again precipitated by 
ammonia ; the operation being repeated until the base is perfectly colourless. 
From many substances the bases are extracted by boiling alcohol, decolorized 
by animal charcoal, and purified by crystallization. Simple as this process 
may appe^, it nevertheless presents many difficulties in practice, especially as 
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regards tlie removal of colouring matters, and it requires mucli care and 
experience. 

The most important organic bases are the following : — 

Quinine (formula CjoHigNOg) is contained in the different kinds of quina- 
bark, and, as above mentioned, is employed 'as an active remedy in febrile 
diseases. 100 parts of the best bark yield approxirnatively 3 parts of quinine. 

Morphme (formula CasHgoNOg) is the active and highly-poisonoiis base of 
opium. 100 parts of opium yield about 12 parts of morphine. 

Strychnine (formula 044 Hg 2 Ng 04 ) is found in several poisonous fruits and 
barks of trees growing in South America, particularly of the mix-von’ica 
{Strychnos nux-vomka), from which it is usually prepared. It is one of the 
most powerful poisons, of which a few grains are capable of destroying life, 
its action being characterised by a powerliil iniluenco on the spinal marrow. 

Comim (formula CigHijN), which is prepared from the hemlock ( 
maevlatuni),, is distinguished from the foregoing bases by being fluid and vola- 
tile. Its action is highly poisonous, whilst it instantly paralyses the activity 
of the spinal marrow. 

The great importance and the high commercial value of the organic bases, 
several of which, as quinine and morphine, are endowed with remarkable 
medicinal properties, have induced chemists to attempt the artificial formation 
of these conq)ounds, hitherto exclusively produced by vital processes. These 
endeavours have not as yet been crowned with success ; but even now they 
have elicited a series of viny important results, which clearly show that the 
progress of chemical science cannot fail to solve tlie problem. From these 
results it appears that a very close connection may be traced between the 
organic bases, all of which contain nitrogen and ammonia, which w'e have con- 
sidered in a former part of this work (§78). We there stated that ammonia 
consists of one equivalent of nitrogen and three equivalents of hydrogen, and 
that its composition may bo represented by the fonnula NH 3 . Now it has 
been proved that the various hydrogen-equivalents may be replaced, atom for 
atom, l)y various hydrocarbons obtained from very different sources. In the 
new substances thus produced, the fundamental character of ammonia, namely, 
its power of combining with acids, is retained. In this manner, by gradually 
removing the various atoms of hydrogen from ammonia and replacing them by 
a hydrocarbon which is called ethyl, because, as we have seen, it forms 
part of ordinary ether, the following series of organic bases or compound 
ammonias have been obtained : — 

Ammonia. Ethyl- Ammonia. Diethyl- Ammonia. Triethyl- Ammonia. 


H 


C.H,) 

C4H, ) 

B. N 

H N 

C. H, N 

C. H, N 

H 

H 1 

H I 

c.hJ 


All these substances are volatile, like ammonia itself, and differ in this 
res|)ect from quinine, morphine, &c., which are of a fixed nature. However, 
Dr. Hofmann, to whom most of these results are due, has lately discovered a 
series of analogous bodies, still closely connected with ammonia, but which 
like most of tke natural bases have ceased to be volatile. The latter class of 
substances is likely to become of particular importance ; they exhibit the most 
remarkable properties, several of them combining, in fact, the bitterness of 
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quinine with the causticity of ]')otassa and sodi. Those compounds may, pro- 
bably, be themselves endowed with valuable medicinal ])roporties ; at all 
events they appear to pave the way to the artificial formation of the natural 
alkaloids. 

(3.) INDIFFERENT SUBSTANCES. 

129. As these bodies have neither acid nor basic properties, and cannot he 
compared to the salts, they arc termed indifferent substances. They are of great 
importance, both in the arts and in medicine, and are indispensable to the 
existence of man and animals, siiK'o they compose the principal part of animal 
nutriment. We divide the indifierent substances into those which contain no 
nitrogen, and those in which this elennnit is present. The latter generally con- 
tain also sul])hur. 


a. NON-NITKOOENOUS IXDIFFEIIENT SUBSTANCES. 

130. Wc may assume that th(\se substances, which constitute the principal 
part of the food of men and animals, contribute but little to the direct incicase 
of the body, but are rather to be regarded as the means of maintaining the 
natural warmth — in fact, as a sort of fuel, and as the mah'rial whereby respira- 
tion is supported : hi this we shall farther allude in our chapter on nutrition. 

While we pass over a largo number of the less im]>()rtant compounds, we 
shall consider only the following more minutely, viz.: starch, gum, sugar, 
spirit of wine, eth(»r, fats, ethereal oils, resins, gum-resins, colouring matters, 
woody-fibre, vegetable mucilage, and gelatin. 

1. STARCH. 

Fonnula = Cjg Hjo O^q. 

131. Starch is contained in many parts of plants, particularly in the seeds 
of the cereals, iu many tuberous roots, such as those of the ])()tato, dahlia, 
artichoke, &c., in the pith of the ])alm, in many fraits, as in apples, and in 
smaller (quantities, oven in the bark and wood of trees. 

If these i>arts of plants bo ground and agitated with water the starch is 
separated as a white deposit, which is purifiejd by rei)eatedly washing ; it is 
then subsequently dried. 

Stanch is insoluble in cold water and in spirit of wine; but in hot water it 
swells up into a gelatinous mass, which is known as paste. In a large (quantity 
of hot water it perfectly dissolves. Although little qualified to combine with 
other substances, it nevertheless forms with iodine a remarkable compound of 
deep- violet colour. This colour is so remarkable that the minutest trace of 
iodine may be detected by means of starch, and vke rersfi. 

Starch is employed as food, as a paste, for thickening the colours in calico 
printing, for stiffening linen cloth, for sizing qiaper, &c. Several kinds of starch 
are distinguished according to the plant from which they are derived, such as 
potato-starchy wlt^at-starchy sago (fi-om the pith of the palm), arrmo-root (from 

the root of Maranta aruudinacea), aud tipioca^ which is likewise obtained from 

an American root. All these kinds of starch, however, agree perfectly with 
each other in their essential properties. 

Starch has derived considerable importance from its products of decomposi- 
tion : when gently heated, or rather roasted, it is in part converted into a kind 
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of gum, which is termed /ewcom, and is employed in calico printing. For the 
same purposes is used the starch-gum or dextrin, which is formed when starch 
is moistened and heated for some time with very dilute sulphuric acid • it 
possesses almost all the properties of gum-arabic. If the action of^the 
acid upon the starch be continued longer it is finally converted into sterc/t or 
grape-sugar, which has a sweetish taste, but is not crystallizable. As a 
remarkable fact it may be mentioned that germinated coni contains a substance 
termed diastase, which has tlie property of transfonning starch into gum and 
sugar, in tlie same manner as we ellect the transformation by the aid of 
sulphuric acid (see § 155). 

2. GUM. 

Formula = Cjg H,| Ojj. 

132. Although gum is found in numerous plants, still it is obtained only 
from a few Eastern trees belonging to the family of Mimosa, and from which it 
flows in drops that harden in the air, and are generally known under the name 
of gum-arabic. TIk* purest gum is coloiu*less, soluble in water, and insoluble 
in spirit of wine. It is chiefly employal for pasting, for mixing with coloiu-s, 
lacquering, &c. ; it is, however, now frequently replaced by starch-gum, which 
possesses nearly all its ])roperties. It must be remarked that also other 
vegetable juices are termed gum ; but, in a chemical point of view, we under- 
stand by this term only the compound here descrilied. 

SUGAR. 

1 ormulii = Cjjj Hjj Ojj, 

133. Sugar is diftused to a great extent tJirougliout the vegetable kingdom. 
The greater number of fruits, many routs, and stjilks, contain sugar ; but it is 
the small quantity in which it is present, or its admixture with other sub- 
stances, wdiich prevents, in general, its extraction. It is found, however, most 
abundantly, and in the purest condition, in the juice of the sugar-cane, in beet- 
root, and in a species of nia|)Io (^Acer saccharinus). In the sugar plantotions 
of the East and West Indies the canes arc crushed and pressed, and the juice, 
containing about 10 per cent of sugar, mixed with some milk of lime; after 
l)eing heated, it is allowed to get clear by standing, and then evaporated as 
(juickly as possible, in ordcT to avoid termentation. The addition o^ime is 
made for the purpose of removing the albumin and vegetable acids of the juice. 
In this manner is obtained raw sugar, which, according to the care displayed 
in the oj)eration, ])resents the aj)peaiance of a yellowish or brownish moist 
powder, possessing at the same time a somewhat unpleasant odour and taste. 
This, which is caused by the impurities of the sugar, is afterwards removed by 
the process of refining, which is generally performed in Europe. 

The colour of raw sugar is due i)artly to the j^resence of colouring matters, 
iUid partly to the conversion of a j)ortion of the sugar during evaporation into 
a brown-coloured, non-crystallizable kind of sugar, Ivhich is termed nwlasses. 
The sugar is, therelbre, dissolved in the smallest possible quantity of watCTj 
and boiled for some time witli animal charcoal (bone-black, § 51), being thus 
almost perfectly decolorized. The syrup is afterwards filtered through bags 
of flannel or canvas to separate the i)articles of carbon. But as a jiortion of 
the charcoal passes through the filters, the sugar-solution is afterwards boiled 
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with white of egg, or blood which contains albumin. By the coagulation of 
the albumin all the impurities remaining suspended in the solution are removed, 
and the liquid then appears perfectly clear, and is finally evaporated in the 
boiling-pan to the point of crystallization, when it is run into earthenware 
moulds of a conical shape, which have an opening at the narrow extremity. 
The sugar soon hardens into small granular crystals, whilst the non-crystaU 
lizable portion formed during the ebullition drains into a vessel placed beneath 
to receive it, and forms the dark-brown, sticky substance, which is known as 
treacle^ and used for a great variety of purposes. But as a portion of this 
colouring syrup always remains in the sugar, the loaves are washed by allow- 
ing water to percolate through them very slowly. When this is accomplished, 
the moulds are taken off, the sugar dried, and afterwards brought into com- 
merce as xohite or refiiml sugar. If the sugar-solution is less evaporated, and 
placed in a warm room, it forms large yellow or brown crystals, and in this 
form it is termed sugar-candy. - , 

The principal |)oint in tlie manufacture of sugar is to produce tlie least 
sible quantity of molasses, the value of which is very trifling. I'o accortiplkih 
this, the evaporation is conducted with the greatest celerity, with tBcclusion of 
atmospheric air, and at a lower temperature, by’ removing the steam',- as it is 
formed in the closed pan, by means of an air-pump. Hence a refinery requires, 
besides a considerable working capital, a great stock of expensive apparatus. 

The separation of sugar from beet-root is conducted ih> precisely the same 
way ; but the purification is more difficult, and requires greater care, since the 
beet-juice contains far more impurities than tlie juice of the cane, and, moreover, 
contains a less percentage of sugar. Tliis circumstance, combined with the 
high price of fuel, tl^ greater value of other field produce, and the improve- 
ment of the sugar process in hot climates, have led to a diminution of the culti- 
vation of beet-root for the sake of its sugar on the continent of Europe. 

The properties and uses of sugar are sufficiently well known; it may, 
however, be remarked, that sugar is a substance which undergoes no decom- 
position by itself, but, on the ‘other hand, is even callable of preventing 
decomposition in other substances; and hence it is frequently employed for 
I>reserving fruit, &c. 


4. GRAPE-SUGAR. 

- Formula = Cjj Oj^. 

134. This term is applied to the sugar contained in grapes, in fruit, and in 
honey, as well as that which is obtained by the decomposition of starch (§ 1 31). 
It has a less sweet taste than cane-sugar, and were it possible to convert it into 
. the latter, to which it is so closely allied in regard to its composition, it would, 
indeed, be a discovery of incalculable value, since Europe would then be able 
to manufacture from the starch of the potato all the sugar required. 

MUk-sugar (CjjHjjOjgJ is a peculiar crystallizable kind of sugar, contained 
principally in milk : it is distinguished from cane-sugar by being less soluble 

and of inferior sweetness. 

All kinds of sugar, under certain circumstances, suffer fermentation^ a 
])eculiar decomposition, by which the very important product, spirit of wine, is 
formed. 
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4. SPIRIT OF WINE. 

Formula = Hg Og. 

135. Spirit of wine or alcohol never occurs ready formed in Nature; but it 
is under all circumstances a product of the decomposition of sugar by fermenta- 
tion, a process we shall more minutely describe farther on. When the spirit is 
formed in the fermented liquids, its separation is effected by distillation in a 
suitable apparatus (Phys., § 129). The spirit of wine, being more volatile 
than water, distils over first, and by repeated distillation over burnt lime it is 
entirely deprived of water, and in that form is termed anhydrous or absolute 
alcohol. 

Spirit of wine is a colourless liquid, of an agreeably-refreshing odour and 
burning taste. Its specific gravity is 0*79, and its boiling-point 78° C, 
(172*4° F.). Many substances, as, for instance, salts which are soluble in 
water are not dissolved by spirit of wine ; but, on the other hand, it dissolves 
most of the resins and ethereal oils, which are insoluble in water. Spirit of 
wine burns with a feebly-luminous flame, without smoke, and is, therefore, 
frequently used as a fuel, particularly on the Continent. For water it exercises 
a very powerful affinity, absorbing it even from the atmosj)here. Moist vege- 
table or animal matters, when placed in spirit of wine, are deprived of all their 
moisture, being thus, as it were, dried and protected from decay. The burn- 
ing sensation produced by spirit of wine upon the mouth and 
stomach is due to the separation of water from the mucous 
membranes of these organs. It produces also upon the nervous 
system a remarkable ellect, which is known as intoxication. 

. Spirit of wine is miscible with water in all proportions. A 
mixture, containing from 80 to 85 per cent of alcohol, is com- 
monly termed spirit ; h'andy contains only from 40 to 50 per 
cent. In commerce it is of the greatest importance to possess 
a ready method of determining the strength of such mixtures, i. e., 
tlic quantity of alcohol contained in them. For this purpose is 
employed an instrument, called a hydrometer (Phys., § 88). Since 
spirit of wine has a less specific gravity than pure water, it 
follows that this instrument will sink lower in absolute alcohol 
than when it is placed in water. The hydrometer, which con- 
sists of a glass bulb-tube (fig. 64), is plunged into water, 
and the point cutting the snrtace is marked 0°. It is then 
placed in absolute alcohol, and the point to which it sinks is 
marked 100°. A series of mixtures are made, containing from 
1 to 99 per cent of alcohol. The more alcohol the liquids con- 
tain, the deeper of course will the hydrometer sink. It is now 
successively introduced into each of these mixtures, and the point 
to which it sinks marked upon the tube. In this manner we 
obtain a scale, which accurately indicates the percentage of 
alcohol that may be contained in any spirituous mixtures, the 
strength of which we wish to ascertain. 

The instrument thus marked is termed the percentage volume 
hydrometer, and was invented by Gay-Lussac and Tralles : it is 
now chiefly used oi^ the Continent for determining the quantity of 64. 

2 B 
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absolute alcohol in spirts. Unfortunately this convenient division has not always 
been adopted ; Cartier, Baume, Beck, Sikes, and several others, have divided 
the scale into an arbitrary number of degrees. A detailed description of these 
instruments and of their construction would occupy too much space; we 
shall, therefore, merely give a comparative table of some of the hydrometers 
now in use. 


specific 

Gravity. 

Percentage 

Volume 

(Tralles). 

Percent^e 
Weight, 
at 600 F. 

Degree, 
acceding 
to Cartier. 

Degree, 
according 
to Beck. 

Degree, 
according 
to Baume. 

1-000 

0 

0 

10 

0 

10 

0-991 

5 

4-0 

, , 


• • 

0-985 

10 

8-0 

12 

• • 

• • 

0-980 

15 

12-1 

, . 

3 

13 

0-975 

20 

16-2 

• • 

, , 

• • 

0-970 

25 

20-4 

14 

5 


0-964 

30 

24-6 

15 

6 

15 

0-958 

35 

28-9 


, , 

16 

0-951 

40 

33-4 

, , 

9 

17 

0-942 

45 

37-9 

18 

• • 

, , 

0-935 

50 

42-5 

, , 

12 

20 

0-923 

55 

47-2 

21 

14 

. . 

0-912 

60 

52-2 

i .. 

16 

24 

0-901 

65 

57-2 

24 

19 


0-889 

70 

62*5 

27 


28 

0-876 

75 

67-9 

* ^ 

24 

• • 

0-863 

80 

73-5 

30 

27 

32 

0-848 

85 

79-5 

35 

30 

35 

0-833 

90 

85-7 

• • 

34 

38 

0-815 

95 

92-4 

40 

38 

42 

0-793 

100 

100-0 

44 

44 

48 


When very dilute alcohol, or any Ijiquid containing spirit, is exposed for 
some time at a temperature of 45® C. (113® F.) to the influence of the air, 
it absorbs oxygen, and becomes converted into acetic acid. 

Spirit of wine, moreover, forms a very extensive series of products of decom- 
position, which, however, are of little value in the arts. The most important 
of these compounds is clihrofoi'm^ which is a transparent liquid, of a specific 
gravity = 1*48; so that when dropped into water it sinks to the bottom. It 
is prepared by distilling dilute alcohol with chloride of lime (§ 82). The 
compound thus obtained has an agreeable odour, resembling that of ripe apples, 
and boils at so low a temperature as 60® C. (140® F.). If 20 or 30 drops of 
chloroform are placed in a handkerchief that is held before the mouth and nose, 
and the vapours thus inhaled, it produces in most persons a state of perfect 
unconsciousness and insensibility to pain; and hence it is now extensively 
employed for inducing this state during surgical operations. The composition 
of chloroform is expressed by the formula CgHCla. 

If 1 1 parts of alcohol of 85 per cent be gently heated with a solution of 1 
part of mercury dissolved in 12 parts of nitric acid, a lively decomposition, and 
after a short time a deposition of white crystals, takes place. This new 
compound is termed fulmnating mercury^ because when struck or nibbed it 
is decomposed with a violent knell, and it is therefore used as one of the 
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ingredients in the manufacture of porcussion caps. The fulminating mer- 
cury is a compound of fidminid acid with two equivalents of pro- 

toxide of mercury. 

5. ETflER. 

Fonnula = C4 Hj 0. 

136. Ether, which is also commonly termed sulphuric ether, is a. product of 
the decomposition of spirit of wine. When alcohol, the formula of which is 
represented by C 4 H 6 OJ, is mixed with sulphuric acid and distilled, it loses one 
equivalent of HO, and we obtain the compound C 4 H 5 O, or ether. This com- 
pound is a transparent, highly-volatile liquid, which boils at 35° C. (95° F.), 
and possesses an extremely penetrating odour. The specific gravity of ether is 
0*713; it does not mix with water, nor dissolve any of the salts, but on the 
other hand, it takes into solution nearly all the resins, ethereal oils, and fats. 
The inhalation of the vapour of ether produces the same state of insensibility 
as chloroform. 

6. FATS. 

137. The fats occur ready formed in organic bodies, and we are still in- 
capable of producing them by any artificial means. They are either solid or 
liquid, and in their chemical deportment display a remarkable similarity, 
whether they be obtained from plants or animals. Every kind of fat consists 
of an acid constituent, the fatty acidy in combination with an indiflerent body 
termed ghjeerme. 

The fatty acid, if liquid, is termed ohh adet^ and, if solid and crystalline, 
steainc acAd. The greater number of fats are mixtures of the compounds of 
these two acids with glycerine ; and the solidity or fluidity of these bodies 
depends entirely on the preponderance of either the one or the other of these 
constituents. If it be stearic acid, tlien the fat is solid ; but if oleic acid pre- 
vail, the fat is liquid. 

For man the fats are of the greatest importance, since they form in his food 
the chief constituents for the development of animal heat ; and hence it follows 
that an enormous quantity of fat is required as food by tlie inhabitants ot 
northern climes. The fats are divided into the following groups, according to 
the purposes to which tliey are applied : — 

As food, are used olive-oil, jxjppy-oil, nut-oil, butter, lard, suet, and several 
others. 

As fuel: rape-oil, hemp-seed oil, palm-oil, cocoa-nut oil, train-oil (fat of 
marine mammiferous animals), tallow, &c. 

For soap : olive-oil, rape-oil, hemp-seed oil, palm-oil, cocoa-nut oil, train- 
oil, and tallow. 

For plasters : olive-oil and lard. 

For varnishes and oil^olours : linseed-oil and nut-oil. 

The fats are distinguished by their insolubility in water, spirit of wine, and 
in acids : they are, however, soluble in ether and caustic alkalies, and are per- 
fectly non-volatile. Under the influence of heat, and, of many chemical agents, 
the various fats give rise to the formation of peculiar volatile fatty acids, which 
have a strong and highly disagreeable rancid odour. The pecidiar odour of 
the different kinds of fat always depends upon the presence of particular volatile 
acids, of which butyric acid is most common. 
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The greater number of oils and fats is unchanged by exposure to the air, and 
remains unctuous for years; some, however, solidify, by the absorption of 
oxygen, to a resinous varnish, and are, therefore, termed drying oils. The 
most important of these is linseed-oil. Oils expressed from seeds invariably 
contain certain quantities of water and vegetable mucilage, which are highly 
prejudicial to the use of these oils in burning. By long standing, or by agita- 
tion with a portion of sulphuric acid, and afterwards allowing it to stand till it 
becomes clear, a refined oil is obtained, which is perfectly free from those 
impurities. 

Soaps. 

138. The soaps are compounds of fatty acids, with potassa or soda. In 
commerce we distinguish two kinds, viz., soft soaps, consisting of oleic acid 
and potassa, and hard saips, which contain stearic acid in combination with 
soda. Their preparation is essentially the same. As the affinity of the fatty 
acids is not sufficiently powerful to remove the carlDonic acid ffoin the soda, 
the soap-boiler first prepares a caustic hy (§ 66), by pouring water over a 
mixture of burnt lime and carbonate of soda (§ 73). By continued boiling of 
the ley with the tallow, the process of saponification is accomplished, a gelati- 
nous mass being produced, containing a quantity of water, from which it has 
to be freed. For this ])urpose common salt is added, to form, with the 
water, a concentrated solution, which sinks to the bottom. On this saline 
stratum swims the soap, which, on cooling, becomes solid. The solidity and 
hardness of the soap depend upon the completeness of the saponification, and 
on the separation of the soap from the lees. When these conditions have been 
perfectly fulfilled, the product is cdMed perfect soap. From 10 to 50 per cent 
of water or weak ley may be added, and stirred into the soap coring cooling, 
and in this way the yellow or ordinary soap is produced, which, of course, is 
deteriorated in value exactly in proportion to the amount of water in its com- 
position. This renders the real value of soap so difficult to be ascertained, and 
leads to many frauds in its manufacture and sale. Mottled and other coloured 
soaps are prepared by mixing colours with it during its pre])aration ; but this 
is unattended with the least practical advantage. 

Ijead planters are compounds of oleic acid with protoxide of lead, which are 
obtained by heating oil with either litharge or minium. By employing a low 
temperature the white-lead plaster is formed ; but at a stronger heat is produced 
the brown variety, which is known under the name of brown diarJiylon, 

The compound of stearic acid with lime is solid and insoluble in water. If, 
therefore, a soda-soap be placed in a calcareous water (§ 80), an insoluble lime- 
soap is produced, which coagulates in white flakes. Waters of this kind are 
consequently unsuited for the purposes of washing; they may, however, be 
rendered fit for use by mixing with them a little milk of lime, drawing off the 
clear liquid, and adding to it a solution of soda till no farther turbidity is pro- 
duced. 


Stearin Candles. 

139. These candles are made of pure stearic acid. For this purpose a lime- 
soap is first prepared by saponifying tallow with milk of lime. The stearate 
of lime thus produced is decomposed by sulphuric acid, which combines with 
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the lime to produce sulphate of lime; and sets the stearic ac.id free. The acid 
is then fref3d by pressure from any adhering oleic acid; it then presents the 
appearance of a beautifully-white crystalline mass, which has lost its greasy 
character, and, after the addition of a portion of wax, is ready for forming 
candles. Stearic acid reddens blue vegetable colours, and hence the spots from 
stearin candles frequently attack the colour of cloths. The composition of this 
acid is ~ f^68'^68^5* 


7. WAX. 

140. This substance is allied in its general properties to the fats. It is met 
with as a product of the vegetable kingdom in the? pollen of flowers, and many 
other parts of plants ; it is, however, frequently coloured green, brown, or red 
by being associated with resin or colouring matters. Bees also have the power 
of producing wax from the honey by the digestive process ; and this wax so 
produced, together with what they collect from the farina of flowers, they use 
in the construction of their cells. By melting the honeycomb we obtain the 
crude wax, of a yellow colour and peculiar odour, both of which are partly due 
to the presence of honey. Thin plates of this impure wax, when moistened 
and exposed to the influence of solar light, become perfectly bleached. When 
thus purified it is colourless, odourless, and tasteless, insoluble in water, diffi- 
cultly soluble in boiling alcohol, but pretty soluble in hot ether. 

The specific gravity of wax is 0*96, audits fusing-point 68^ C. (154*4° F.). 
Like the fats, it chiefly consists of a substance saponifiable by potassa-le>’, 
namely cenn, and another body called myrkin. Wax is used in medicine, in 
the manufacture of candles, and for many other purposes. Tree-wax, w’hich is 
sometimes termed Chinese or Japanese wax, is obtained by exhausting with 
boiling water the bark and fruit of several trees; it agrees in all its essential 
properties with bees’-wax. 


8. VOLATILE OILS. 

141. The volatile or ethereal oils occur in the vegetable kingdom, and are in 
general the cause of the peculiar odours of diflerent parts of plants, jiarticularly 
of the flowers, leaves, and fruits, in which they commonly exist in droplets 
enclosed in the cellular tissue. These oils are all volatile, and, Avlien pure, 
generally colourless. They })ossess a j)eneti'ating and, with few exceptions, an 
agreeable odour and burning taste. On paper they cause a temporary greasy 
stain, which, however, disappears as the oil b(‘comes volatilized. They are 
almost entirely insoluble in water, but, on the other hand, they readily dissolve 
in spirit of wine, ether, and fats. With regard to their chemical composition, 
it may be remarked that they form two principal groups, of which the first 
consists only of carbon and hydrogen, whilst the members of the second grou|> 
contain, in addition to these two elements, oxygen, and a few of them sulphur 
or nitrogen. 

The volatile oils absorb oxygen from the atmos])here, whereby they solidify, 
and are finally converted into resinous bodies. When exposed to a low tein- 
perature, many of tlese oils deposit a solid crystalline substance, which has 
received the name of stearopthie. The application of the volatile oils is mani- 
fold. The substances in which they are contained are frequently employed as 
aromatics, and in the preparation of spirituous drinks, liqueurs, &c. They are, 

2 B 3 
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moreover, frequently used in the preparation of medicinal waters, and as active 
remedial agents ; for the latter purpose the oils themselves are in like man- 
ner employed. 

The volatile oils are genemlly prepared by distilling a large quantity of the 
odorous herb with a comparatively small ])ortion of water. The oil is thus 
volatilized, and is found floating upon the surface of the distillate. 

142. The following oils are jiarticularly worthy of being mentioned : — 

Tui'pentine-oil (CiqHb) is found in all the varioas species of fir. This oil is 

particularly important, from its power of dissolving many resins, and forming 
with them rapidly-drying varnishes. Turpentine is likewise extensively em- 
ployed for dissolving and thinning oil-colours which are used in painting. 
Like most other volatile oils, it is highly inflammable, and burns with a strong 
smoky flame. 

As constituents of perfumery, the following are principally used ; — Lermn-oil, 
obtained from the rind of the lemon ; bergamot-oil ^ from the rind of the berga- 
mot-citron ; orange-flower oil ; clove-otl, from c\oves cinnamon-oil ; lavender- 
oil ; hitter-almond-oil and rose-oil (otto of roses), the latter being prepared 
chiefly in the East, and is exceedingly costly. 

Juniper-oil, aniseed-oil, fennel-oil^ cumin^oil, cinnaTnon-oil, clove-oil, and 
peppermint-oil are chiefly employed for flavouring spirits and liqueurs. 

The oil of cliarhomile, which is distinguished by its beautiful blue colour, is 
emj)loyed as a remedial agent. 

From the volatile oil of a tree ( Laurus campkora) growing in the East Indies, 
a solid white substance separates, which is known under the name of camphor. 
This substance is employed as a |ierfume ; and likewise in medicine, both as 
an internal and external stimulant. 

The peculiar odour of spirit prepared from corn and from potatoes is due to 
the presence of a volatile oil, called fusel-oiL or hydrated oxide of amyl 
(CJi,AHO). 

Bitter almonds yield a volatile oil, which possesses the peculiar odour of 
hydrocyanic acid, and is extremely poisonous. A pungent oil containing 
sulphur is found in mustard and in onions. The chemical characters of these 
oils will be more minutely described hereafter. 

9. RESINS. 

143. The resins are products of the vegetable kingdom, and arc observed 
to exude from many plants when they are cut or wounded. In general they 
are mixed with a volatile oil, which stands in intimate chemical relation to 
the resins. The resins have generally a yellow colour, and are devoid of 
crystalline structure. The oil, in admixture, imparts to them peculiar odours 
and tastes, and when burned, many of them emit agreeably-smelling products 
of combustion, and hence are frequently employed for fumigations. The resins 
are insoluble in water ; but, on the other hand, they readily dissolve in alcohol, 
ether, and the volatile oils. If these solutions of resin be thinly spread upon 

wood or any other substance, and exjiosed to the air, the solvent is slowly 

volatilized, and there remains a brilliant coating of the resin, which is called 
varnish or polish. It has already been mentioned that the resins are non-con- 
ductors of electricity. With regard to the chemical characters of resins, we 
may remark that they deport themselves as weak acids, and form with strong 



RESINS. 


273 

bases a series of compounds similar to those of the fatty acids; such bodies 
are the resin-soaps, some of which are employed in the arts. Those resinous 
acids are readily separated from their combinations by stronger acids, and are 
thus obtained in a colourless, odourless, and crystalline form. The following 
are the most important resins ; — 

144. Turperdim^ which exudes from the various pine or fir trees, particularly 
from the larch, is a mixture of volatile oil and resin. I5y distillation with water 
the turpentine-oil is volatilized, while a brown resin remains, which is known 
under the name of colophony. When the turpentine is dried in the air, we 
obtain the yellow-pine resin. By agitating the fused colophony with a portion 
jof water, the two combine to produce the brown opaque pitch. The nume- 
rous applications of these rosins is well known. 

Copal is imported from the East Indies in bright-yellow pieces. When 
fused and dissolved in hot linseed-oil it forms the well-known copal-varnisli, 
which is the most durable of all the varnishes, since it is not affected by spirit 
of wine. 

Mastic and sandarach are rosins consisting of 'white or bright-yellow tears, 
which form transparent varnishes when dissolved in spirit of wine. They are 
chiefly employed, with benzoin and storax, in fumigations. 

Shellac exud(‘s from the ])unctures made by an insect allied to the cochineal 
in the barks of several trees growing in the East Indies. It is much employed 
in the manufacture of sealing-wax, and 'when dissolved in spirit of wine it 
forms the common polish (French yiolish) of the cabinet-maker. It may be 
j)erfectly decoloi’ized by chlorine, and afterwards employed as a colourless 
varnish. 

Jalajh-resin, which is obtained from the jalap- root, is much used in medicine 
as a [)Owerful purgative?. 

CacutchoKC or Indian-ruhher is contained in the milky juice of many plants, 
as, for instance, that of the lettuce. It is, however, prepared only from the 
juice of some trees, growing in South America and the islands of the Indian 
Archipelago. The extreme elasticity of this interesting substance has led to 
its employment in the manufiicture of water-proof cloth, which was first intro- 
duced by Macintosh of Glasgow. For this purpose the caoutchouc is dissolved in 
coal-tar naphtha (§ 170), wliich is obtained iis a secondary product in gas-works. 

Gutta-percha has been imjxjrted into Eurojx?, from the East Indies, only 
since 1843. It is obtained from a large tree, growing in Singapore, Borneo, 
and other islands, partly by collecting the milky juice, and partly by removing 
the layers of insi)issatt!d sap from the bark of the tree. It occurs in commerce 
in two fomis — in small pieces, resembling the shavings of leather, and in blocks 
of a whitish-gray colour, wliich have tlie apjiearaiice of decayed wood. Gutta- 
percha is insoluble in water, spirit of wine, soda and potassa-ley, and in weak 
acids ; but is partly soluble in ether, and readily soluble in turpentine-oil. Its 
most important property is that of becoming, in boiling water, soft and as 
plastic as wax, so that we may form with it objects of every possible shape, 
and take impressions of works of art, since it perfectly retains, after cooling, 
the form whicli is given to it. Gutta-percha is extremely tough, but is not 
elastic. This latter property, however, may be readily imparted to it by the 
addition of a portion of caoutchouc. 

Amber is a resin occurring in the mineral kingdom. Its origin appears to 
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stand in intimate connection with the submerged forests which now yield the 
brown-coal of tlie Continent. This beautiful yellow and hard resin is worked 
into many objects of art ; and when fused by heat, and dissolved in hot turpen- 
tine-oil, it forms a very durable and frequently-used varnish, which is not 
affected cither by soap or spirit of wine. 

10. GUM RESINS. 

145. These substances are mixtures of resins, gums, volatile oils, and occa- 
sionally other substiincGs. They exude from various ])lants in tropical climates, 
and are of high importance principally by rotison of their medicinal qualities. 
The most important are : — Gamboge^ which is employed as a beautiful yellow* 
paint; armmmacum; asiiqfaHda^ termed devil’s dung {Stercus diaholi), on 
account of its remarkably disagreeable odour ; myrrh ; aloes, a bitter and drastic 
purgative ; opium, and many others. 

11. COLOURING MATTERS. 

146. From the endless variety of colours displayed by the vegetable king- 
dom, we derive comparatively few colouring matters, since the greater part, 
particularly those of flowers, are rapidly destroyed by light and air. The more 
durable colouring matters manifest so variable a de])ortment, that it is im- 
possible to depict them in general, and to describe them in detail would occupy 
too largo a share of an elementary work. Some of these colouring matters are 
soluble in water, spirit of wine, or ether ; they partly combine, like acids, 
with bases, and particularly witli alumina (§ 86) ; they are all destroyed by 
chlorine. A few combine immediately with wool, silk, and cotton ; others 
only when these materials are previously mordantized, i, e., impregnated with 
alum, or some other body which has the power of fixing the colour upon them. 
Since Inost of the colouring matters are devoid of crystalline structure, their 
chemlfeal characters are less known than those of the above-described indifferent 
organic substances. The most important colom’ing matters used in dyeing are 
'the following; — 

Yellows : Woad (Isatis tincb^ria) ; fustic ; yellow oak ; yellow berries, or 
Persian berries; turmeric, or yellow root; and anuatto, 

Jieds: Dyei-s’ red,*or madder, a root which is indisputably one of the most 
important materials employed in dyeing, and yields very durable red, violet, 
and brown colours; blue or Campeachy wood; red or Brazil ^cood; saffron- 
'(mod ; cochineal, an insect living in South America upon various kinds of cactus, 
and from which the beautiful purple-coloured carmine is prepared ; archill and 
cudbear, prepared from lichens ; and, lastly, dragom^ blood. 

Greens : Only few of these are known ; however, the sap of the buckthorn 
is employed under the name of sap-green. The green leaves of plants owe 
their colour to the so-called leaf-green or chbrophyl, which is of a resinous 
nature, but is unsuitcd to the pur])oses of dyeing. 

Blues ; To these belong litmus, which is obtained from certain lichens. It 
is employed by the chemist in the prepamtion of test-papers, which are used 
for ascertaining the acid or alkaline niture of bodies 17), 

The most important of all the blue colours is indigo, which is a nitrogenous 
body, and is prepared from several plants growing in the East Indies. Its 
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chief superiority consists in the extreme durability of its colour, since it is not 
reddened even by the strongest acids. 

12. VEGETABLE MUCILAGE. 

147. Mucilage is contained in many vegetable substances, to which it impai'ts 
the property of forming with water an adhesive slimy liquid, which is employed 
for many purposes, especially as a palliative in hooping-cough and diseases of 
the chest. Substances which consist almost entirely of dry mucilage, or con- 
tain a very large quantity, are — tragojcanth^gum^ cherry-gum^ salep-t'ooty car- 
rageen-mosSy linseed, quirvce-seeds, marsh^mallow roots, and many others. 

13. VEGETABLE GELATIN. 

148. This substance, which is termed also pectin, and is closely allied to 
the foregoing, is contained in the juice of most fruits and roots. If such a 
juice, as, for instance, that of the raspberry, be boiled with sugar or mixed 
with spirit of wine, the gelatin will be found to deposit in the form of a 
transparent mass. 

14. VEGETABLE FIBRE. 

149. The principal mass of plants consists of woody fibre, which is formed 
partly of small hollow tubes and partly of cells. Within these tissues are 
enclosed various otlier substances with wdiich we have already become acquainted, 
namely, starch, chlorophyl, sugar, colouring matter, &c., which, however, may 
be completely separated l)y washing with water, sj)irit of wine, acids, and other 
solvents. The composition of the woody fibre thus purified may be expressed 
by the formula CjgH,oOio, or, in other words, 100 parts contain 44*4 carbon, 
6*2 hydrogen, and 49 ’4 oxygen. 

Bleached cotton, flax, hemp, and paper prepared from linen, are tolerably 
pure woody fibre, which is neither soluble in water nor in any other liquid 
without decomposition. On the other hand, when immersed in liciuids, ft has 
the power of imbibing them, a property on which depends the nutrition 
of plants. When woody fibre, saw-dust, or straw, is treated with dilute 
sulphuric acid, it is first converted into a kind of gum, and finally, by long 
ebullition, into gi'ape-siigar. If heated with concentrated solution of potassa, 
die elements of the fibre become grouped into oxalic, acetic, and carbonic acids, 
which unite with the potassa and produce salts. 

When cotton-wool is submitted to the influence of fuming nitric acid, it 
suffers a remarkable change, and afterwards, Avhen properly dried, possesses 
the property of exploding with great violence either by the blow of a hammer, 
or when heated to a temperature of from 60° C. to 90° C. (140° to 194° F.). 
This new compound, which is known under the name oi gun-cotton, is now used 
for fire-arms, and more frequently for blasting in mines. The mode of preparing 
it is to immerse cotton-wool for a space of tour or five minutes in a mixture of 
1 part by weight of fuming nitric acid with 1^ to 2 parts of sulphuric acid, 
and subsequently washing it in pure water and drying it at a temperature of 
50° 0. (122° F.) 

Wiai many basic salts, particularly th(^ of alumina and sesquloxxdeofiron, 

as well as with colouring matters, vegetable fibre has the property of com- 
bining in such a manner, that these substances form upon it a more or less 
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durable adhesive coating. On this property is based the process of dyeing 
linen and cotton cloth (comp. § 86). 

WMy the principal mass of which consists of vegetable fibre, is not only of 
the highest importance as a building material, but is of essential value as a fiiel. 
In the latter respect we shall submit it to a closer examination when we speak 
of the decomposition of organic bodies. On that occasion, too, we shall 
describe the carbonaceous products, such as humus, peat, turf, brown-coal, and 
coal, which are produced, under difiercnt influences, from the decomposition of 
vegetable fibre. 

b . Nitrogenous Indifferent Substances. 

150. Under the non-nitrogenous organic compounds, such as starch, woody 
fibre, gum, and the various kinds of sugar, we have become acquainted with a 
series of bodies, which show by their composition and certain phenomena of 
decomposition that they mutually stand in intimate relation. The fats likewise 
offer to us a group of similarly-composed bodies, which when mixed together 
in various pro|X)rtions, constitute the different fatty substances of the vegetable 
and animal kingdoms. The fact that all these bodies consist only of three 
primary elements, viz., carbon, hydrogen, and oxygen, and that moreover by 
their chemical dei}ortment they may be readily prepared in the pure state, has 
rendered it possible for us to perfectly elucidate their composition and the 
metamorphoses they suffer under certain influences. 

In a similar manner, we find now in vegetable and animal substances another 
group of bodies, which exhibit a remarkable concordance in their chemical 
constituents and properties. These bodies, which are generally teimed albu-^ 
mifwus compounds, are — white of egg or albumin, fibrin, and casein, the sub- 
stance of cheese. These three bodies contain, in addition to carbon, hydrogen, 
nitrogen, and oxygen, a ])ortion of sulphur and phosphorus. Our knowledge 
of the comyxjsition of these substances, however, is at present very imperfect, 
partly because we cannot readily prepare them in a state of purity, and partly 
from the extreme difficulty of determining accurately the proportions of nitrogen, 
sulphur, and phosphorus, which occur only in comparatively smjill quantities. 
But we know that the proportionate weights of the constituents of albumin, 
casein, and fibrin are very nearly the same, and hence they have hitherto been 
regarded as identical. Recent investigations have, however, not confirmed this 
supyKJsition. We shall here confine ourselves to the description of their well- 
known general properties, and give the composition which has been assigned to 
them by the most recent investigations. 

100 parts by weight of these bodies contain on the average 53 carbon, 
7 hydrogen, 22 oxygen, and 16 nitrogen. The proportion of sulphur and 
phosphorus, however, varies in these different substances from \to2 per cent. 
The greatest quantity of the former clement is found in the albumin of the egg, 
in which it amounts to from I • 7 to 2 per cent. 

151. The general properties of albuminous bodies are the following : they 
are not crystallizable, but appear in the moist state as a white mass, which 
presents, when dry, a semi-transparent hom-like appearance. In the systems 
of plants and animals they are held in solution by water, and hence occur in 
the liquid state. But under the influence of vitality, of heat, or by mixing 
their solutions with a weak acid or spirit of wine, they become converted into 
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an insoluble modification. In the latter form, they are insoluble in water, spirit 
of wine, ether, and fats. They dissolve, however, in w(iak solutions of the 
caustic alkalies, and are again partly precipitated unchanged by acids. The 
albuminous bodies dissolve in concentrated hydrochloric add, with a beautiful 
dark-blue colour ; they are likewise slowly dissolved by the acid liquid of the 
gastric juice. If the albuminous bodies are left in the moist state to spon- 
taneous decomposition, i. e., to putrefaction, they evolve an extremely offensive 
odour, which is due to the elimination of carbonate of ammonia, sulphide of 
ammonium, and butyric acid. It is worthy of remark, that these bodies, when 
undergoing spontaneous decomposition, have the property of causing a peculiar 
decomposition of sugar into carbonic acid and spirit of wine, whenever they 
are brought into contact with its solution. 

The albuminous bodies are of the highest importance as constituents of food, 
since the solid parts of flesh, blood, brains, and many other animal substances, 
consijt chiefly of these compounds. Hence we consider those alimentary sub- 
stances which are rich in albumin, fibrin, and casein as the most nutritious, and 
suited to the formation of flesh, blood, &c. 

1. ALBUMIN. 

152. Albumin is a constituent of all those vegetable and animal juices which 
coagulate when heated. If any green vegetable matter, such as the leaves of 
cabbage, &c., be crushed and pressed, we obtain a green liquid, from which 
the albmnin separates on application of heat. The albumin tlins pre- 
pared has a greenish colour, due to the presence of chlorophyl (§ 146), which 
may, however, be readily separated by means of spirit of wine. When beet- 
root and potatoes are sliced and digested for some time in water, the albumin 
tliese substances contain will enter into solution, and, on heating the water, 
will be found to separate in white flocks. Albumin, in the purest form, is 
contained in the egg, and likewise in blood. When fresh blood is allowed to 
stand some time it is observed to separate into two parts, namely, into a solid 
called the coagulum^ and a fluid termed serum on which the former swims. 
The latter contains in solution the albumin, which coagulates when the serum 
is heated. 

The essential properties of albumin are the following : it is contained in the 
juices of plants and animals in the soluljle condition, which it loses when heated 
to tlie temperature of boiling water. It separates then in the form of a white 
flocculent mass, which is not again dissolved by water, and in ttiat form is com- 
monly termed coagulated albumin. By coagulation of the albumin it envelops 
other substances which may be contained in tlie liquids, and thus removes 
them ; hence all albuminous juices are well adapted lor clarilying turbid beer, 
wine, and other liquids, and are employed particularly in the fabrication of 
sugar (§ 133). When an albuminous liquid is mixed with spirit of wine or 
an acid, tlie albumin is at once precipitated. 

2. FIBRIN. 

153. Fibrin^ like albumin, is known in the solid and fluid conditions. The 
red mass which constitutes the flesh or muscle of animals is solid fibrin. It is 
contained in a soluble state in blood, and separates on cooling of the latter into 
the so-called coagvlum. In tiiis form the fibrin is coloured by a red substance 
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oonteinod in the blood, which, however, may be easily removed by washing. 
Vegetable fibrin (or gluten) is prepared by placing wheaten Hour in a bag, and 
kneading it with fresh portions of water until the latter no longer becomes 
milky. The water removes the starch contained in the flour, and leaves a 
tenaceoils gluey mass, which is known as gluten^ and, when purified, deports 
itself ^ similar manner to animal fibrin. 

3. CASEIN. 

154. Milk is a mixture of fat (butter) with a solution of casein in water. 
When the milk, freed as much as possible from butter, is heated, a white 
pellicle is formed upon the surface, and becomes renewed as often as it is taken 
off. This skin which forms upon the milk is casein. Casein also coagulates 
by. heat, not suddenly like albumin, but only slowly ; it may, however, be 
instantly coagulated, when to the heated liquid containing it, a few drops of 
acid are added. When beans, peas, or l^uminous fruits generally, are bruised 
and macerated with water, the casein becomes dissolved; by heating the 
solution it is separated as a white pellicle, which exhibits the greatest 
similarity to the casein obtained from milk. If milk be allowed to stand for 
some time it becomes sour, from the conversion of the sugar it contains into 
lactic acid (§ 126), which then induces the coagulation of the casein. The 
most remarkable effect upon casein is produced by the so-called rennet^ which 
is a certain part of the stomach of a young calf. If a small quantity of this 
rennet be introduced into milk, the casein is forthwith coagulated, but in what 
manner this change is induced we are as yet unable to offer a satisfactory 
explanation. 

Casein, when mixed with the cream of the milk, constitutes the fat cheeses, 
whilst the poor or thin cheeses are prepared from skimmed milk. In the ripe 
or decayed cheeses the casein has partly passed into a state of putrefaction, and 
consequently is changed in its chemical characters. 

4. DIASTASE. 

155. When barley is moistened with water, it begins after some days to 
geiTOinate. The germinated Parley, when dried, is termed malt, and differs 
essentially from the barley which yields it. If we mix ground malt with 
water, and add to the filtered liquid a portion of spirit of wine, the diastase 
will be precipitated in admixture with albumin and gum. This substance is 
distinguished by the remarkable property of transforming starch into gum and 
sugar, in the same manner as we have seen, at § 131, this change can be 
effected by acids. Hence malt contains but little starch, the greater part being 
transformed by the diastase into gum and sugar, as is proved by the sweet 
taste which malt possesses. This property of diastase is turned to advantage 
in the preparation of saccharine fluids, which arc employed /or the manufacture 
of beer, brandy, and vinegar (see Fermentation, § 160). 

Gelatin (Glue). 

156. Various parts of the animal body, particularly the skin, cartilage, and 
the soft portions of the bones (comp. § 51), dissolve completely by long ebulli- 
tion in water, and produce a liquid which solidifies on cooling to a jelly, which, 
after being dried, is termed gelatin. Hence those parts of the animal" body are 
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also termed the gelatimus formations. "Bhe application of common gelatin or 
glue as a cement is well known. 

The purest gelatin is prepared by dissolving isinglass in . boiling water, 
whereby we obtain a colourless, odourless, and tasteless liquid. The gelatin, 
when dry, is unaltered by exposure to the air, but when boiled for some time 
with dilute sulplniric acid it is converted into an exceedingly sweet sugar, 
which is termed gelatin-sugar. A remarkable property of gelatin is the power 
it possesses of ibrming with tannic acid a compound which is insoluble in water. 
If a solution of this substance be mixed with a decoction of oak-bark or nut- 
galls, a large llocky precipitate is immediately i)r6duced. 

Lp:atukk. 

157. The animal skin can be transformed into such a peculiar condition, 
that whilst it withstands the putrefactive process, it at the same time affords, 
by its toughness and pliability, a highly-valuable material for different purposes. 
The skin of animals in this form is tenned leather, of which three principal 
kinds are known in commerce, viz., Morocco, shamois, and Russian, besides 
several others. 

Sole-leather, or shoe-leather, is nothing more than an insoluble compound of 
skin with tannic acid. In the i>reparation of this variety, the hides are first 
sprinkled with salt and piled upon each other in })its, where they spontaneously 
heat, or as it is technically called sxceat, and admit then of the hair being easily 
removed. The hides are afterwards placed in nmning water until they are soft 
and porous, and then they are thrown into pits containing the tan liquor, which 
is prepared by extracting oak-bark with water. The more perfectly this liquid 
penetrates through the skin, the more conq)letely will the latter be transformed 
into leather. 8<‘veral months are commonly rc(iuircd to complete the process. 

The hair and fat adhering to the skin may also be removed by treating the 
hides with caustic lime. After the process is completed, and the lime removed , 
l)y the aid of a weak acid, the properties of leather are given to the hides by 
maceration in a solution of alum and salt, as in the preparation of ichite 
leathers ; or they are converted into shaniois leather by frequent immersion in 
oil and pressing them, the excess of oil being finally removed by a solution of 
a caustic alkali. 

II. PECULIAR DECOMPOSITIONS OF ORGANIC COMPOUNDS. 

158. From what has been advanced, we know that the body of a plant or 
that of an animal is an agglomeration of different substances, with which, both 
in reference to their properties as well as to their chemical composition, we are 
already acquainted. Thus the chief mass of the animal body consists of fibrin, 
gelatinous tissues, albumin, and fat, independently of phosphate of lime, which 

forms the solid constituent of bones# The substance of a plant Is composed 
of ligneous fibre, chlorophyl,' albumin, gum, starch, oil, &c. ; and it is to be 
remarked, that most of these animal and vegetable substances are either held in 
solution by water or mollified and penetrated by it, as, for instance, the fibrin, 
which constitutes the muscle. Hence water is to be considered as a principal 
constituent of these bodies. We know, moreover, that carbon, hydrogen, 
oxygen, nitrogen, sulphur, and phosphorus, are the elements that enter into 
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the composition of these substances, which represent highly-complicated com- 
pound groups. 

Thus the bodies of plants and animals are organizations of wondrous com- 
plexity and diversity of material and structure ; and so long as the breath of 
life, the animating principle, is present, so long is the body preserved from 
internal decay, and protected from the external effects of wind and weather. 
But as soon as the vital principle has quitted the corporeal structure, the con- 
stituent parts obey the law of chemical attraction. The highly-complex groups 
of the body can no longer exist as such ; they separate or fall to pieces, and 
their molecules arrange themselves in simpler combinations, which appear as 
products of decomposition. Still the decay of the body is not merely occa- 
sioned by the highly-complex nature of its internal structure, but the influence 
of the surrounding oxygen and the water of the atmosphere likewise contribute 
essentially thereto, and give for the most part the primary and principal im- 
pulse to decomposition. 

This process is still more rapidly and completely effected by the joint 
influence of a higher temperature. If the influence of external air be excluded, 
the process of decomposition receives the name of di'ij distillatimy whilst the 
transition of organized bodies into simple combinations, by the action of air and 
water at the common temperature, is called spontaneous decomposition. 

It is evident that all the products resulting from the decay of organic bodies 
must be of more simple composition than the bodies themselves, that they can 
contain only the same simple materials which we find in those organic bodies, 
and that the sum of their weight can only exceed the weight of the decomposed 
body, w’hen, during the process of decomposition, oxygen and water have been 
absorbed from the atmosphere. 

(1.) Spontaneous Decomposition. 

159. The resolution of organic bodies into simple compounds, at the or- 
dinary temperature, is called spontaneous decomposition. This process, how- 
ever, under different circumstances has received different appellations- If the 
decomposed body contained sugar, and if alcohol be found among the products 
of decomposition, the process is called fermentation. If putrid odours are 
evolved during the decomposition, it is teiTned putrefaction. When an organic 
body is destroyed by the combined influence of atmospheric oxygen, light, and 
moisture, it is said to be rotted or (kcayed. 

Fermentation. 

160. In all the saccharine juices of plants, as, for instance, in the juice of the 
grape, of fruit, of the sugar-cane, of the beet-root, in an infusion of malt (§ 165), 
there is found, in addition to sugar, a nitrogenous substance, in general, albumin 
or vegetable fibrin. When such a liquid is exposed to the air, there first com- 
mences a change in the nitrogenous constituent, which absorbs oxygen, and 
slowly separates from the liquid in the form of a brownish precipitate, called 
yeast or ferment. It appears as if this change, going on at every point of the 
entire liquid mass, gives the first impulse to the decomposition of the sugar, 
for as soon as the process has commenced, the gi’oup of particles forming the 
sugar arrange themselves in two other groups, viz., into alcohol and carbonic 
acid. The latter, which at every point of the surface of the liquid rises in 
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small bubbles, occasions the frothing or. rising of the liquid, whereby the fer- 
mentative process is so readily recognised. 

The decomposition of sugar into alcohol and carbonic acid may be repre- 
sented by the following formula ; — 

1 atom of anhydrous grape-sugar = Cj, H,2 Ojj decomposes into 

2 atoms of alcohol = Cg II^ O4 and\ _ p ij n 

4 atoms of carbonic acid = C4 Oj,. / “ 

The femientation is completed when all the sugar is converted into alcohol ; 
the liquid is then put into a still and the alcohol separated by distillation. 

The yeast, separated as a dejx>sit during the jjrocess of fermentation, pos- 
sesses the property of exciting the decomposition of a new portion of saccharine 
liquid, with which it may be mixed, a very minute quantity of yeast b(iing 
sufficient to cause the fermentation of a very large quantity of sugar. Finally, 
however, the yeast loses the power of exciting fermentation, by the completion 
of its own decomposition. 

The fermentation of saccharine liquids, however, does not take place under 
all circumstances. The contact of atmospheric air, and a temperature of from 
20® to 30® C. (68® to 86® F.) is necessary. Under 10® C. (50® F.) ferment- 
ation does not proceed. Certain substances when added to fermentable 
li(iuids, only in very minute (|uiuititios, have the power of preventing dccom- 
])Osition ; such are, for instance, volatile oil of mustard, sulphurous acid, nitrous 
acid, and several others. 

Yeast loses its power of exciting fermentation wlien perfectly dried or 
heated to a temperature of 100*^ C. (212^ F.), or if mixed with alcohol, acids, 
or alkalies. Artificial yeast, or leaven^ is prepared by exposing a piece of 
dough for some days to a moderate temperature, until it acquires a vinous 
odour. 


Spirituous Drinks. 

161. These liquids are all ]n'oducts of the fermentation of saccharine fluids, 
and are either jirepared by subsequent distillation, as spirit of wine, and the 
various kinds of brandy ; or without distillation, as wine and beer. 

Distilled spirituous liquors, of course, contain only volatile constituents, their 
chiei* bulk being alcohol and W'ater. In general, they are distinguished by 
difi’erent, and more or less agreeable flavours, according to the substance from 
which they are derived. The cause of this is, that during the fermentation 
of these substances a peculiar volatile oil or ether is formed, wffiich possesses 
a characteristic odour, and imjwts it to the spirit. Thus tlie s))irit prepared 
from potatoes and corn owes its odour and flavour to the presence of fusel-oil 
(§ 142). Hum is prepared from cane-sugar, and arrack from fermented rice. 
On the table-lands of Asia the inhabitants prepare a highly-intoxicating beverage 
from milk-sugar. 

Starch is converted into grape-sugar, both by means of sulphuric acid and 
also by diastase (§ 155), hence w^e in general avail ourselves of amylaceous 
veg(itable matters for the prejiaration of spirit. Mashed grain, or boiled 
potatoes, are for this j)ur|K)se mixed in the fermenting vat with the mash and 
afterwards distilled. 

Various amounts of alcohol are contained in wine, according to the quantity 
of saccharine matter in the grapes. Whilst the ordinary wines of Germany 
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contain only about 8 to 10 per cent of alcohol, and the strongest Rhenish wine 
from 12 to 14 per cent, we lind in the wines of the south of France, Spain, 
and Portugal, from 18 to 20 per cent. The wine, besides alcohol, contains 
those constituent parts of the grape-juice which are soluble in the spirit. In 
addition to colouring matters, wine, especially Rhenish wine, contains bitartrate 
of potassa (§ 120), w’hich imparts to it an acid taste. We also find in many 
wines, especially those of the south of Europe, sugar, which occurs naturally in 
it, or sometimes is intentionally added to it. Tlie bouquet of wine is due to 
the presence of peculiar ethereal liquids. Red wine contains, besides the 
colouring matter, a portion of tannic acid, which imparts to the wine an as- 
tringent flavour. 

Beer is j)reparcd by infusing genninated barley (malt) in hot water, and 
boiling the sweet- wort thus obfciiiied with hops; it is afterwards placed in a 
\vide exposed vessel ciilled a coole::, wdiere its temperature is reduced as quickly 
as possible. The cooled liquid is then conveyed to the o])en feiTnenting tun, 
in which it undergoes a slow process of femientation until nearly all the sugar 
is converted into alcohol, when the beer is either drawn off i*or immediate use 
or barrelled for the cellar. 

The constituents of beer are, besides water, from 4 to 5 per cent of alcohol, 
sugar, gum, which imparts to the beer its viscidity, the bitter ]:)nnciple of the 
hops, and carbonic acid, which is tlie cause of its frothing. Beer very readily 
becomes what is called sour or sbxle, that is, its alcohol is easily converted into 
acetic acid ; and the weaker the beer tlie more readily is this change induced. 
This acidification is retarded by the bitter principle and volatile oil of the hops, 
and, consequently, strongly-hop|)ed bitter beer can be preserved in a potable 
condition for a longer period than sweet beer. A low temperature, however, 
is essential to the preservation of the beer, and therefore it is generally ])laced 
in cellars where the temperature even in summer does not exceed 8*^, or at 
most 10° C. (46° to 60° F.). 

Acktic F ekm entatiox. 


162. Acetic fermentation depends upon the conversion of alcohol into acetic 
acid, by the influence of atnios])heric oxygen. One equivalent of spirit of wine 
(C^lIoOg), combines with four equivalents of oxygen, and form one equivalent 
ot‘ acetic acid and two equivalents of water (2HO). Acetic acid is 

manufactured by exposing alcoholic liquids, at a temperature of from 28° to 
35° C. (80° to 95° F.) to the air. A great variety of substances are employed 
in the manufacture of acetic acid, such as the refuse obtained 



in making beer and wine. In general, liowever, a fermented 
mash (§ 161) is used and placed at suitable temperature in 
partially-closed vessels. The alcohol is tlius slowly tons- 
fovrned into vinegar, the process being completed as soon as 
the liquid becomes clear. 

Alcohol may bo very rapidly converted into acetic acid 
hy allowing dilute spirit of wine to percolate several times 
through a vessel filled with shavings of wood (fig. 65). A 
very large surface of spirit being thus exposed to the in- 
fluence of the oxygen of the atmosphere, the process is 
much facilitated. 
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Putrefaction. 

163. Tliis process yields products of a character very different from the 
foregoing. Here also it is necessary to bear in mind the elements of vegetable 
and animal bodies before we can pretend to form any precise idea of the pro- 
ducts that result from their putrefaction. These are not the same under all 
circumstances, but vary essentially according as the putrefactive pi ocess takes 
place at a lower temperature and in the presence of water, or at a higher 
temperature with exclusion of moisture. Furthermore, animal substances yield, 
in consequence of the large proportion of sulphur and nitrogen which they 
contain, certain products in larger quantities than do vegetable substances, 
which are not so rich in these elements. 

We may generally assume tliat, when the putrefactive process takes place at 
a lower temperature and in the presence of much water, hydrogen compounds 
are chiefly formed ; whilst at a higher temperature and with less w^ater, oxygen 
compounds are produced. 

The following view may assist in rendering this mode of decomposition more 
intelligible : — 


Products of the Dkcom position of VKORTAnm and Animal Matters. 


With much Water and at a lower 'I’cmpcraturc. 

With little W'atcr and at a higher Temperature. 

Water no 

Carbide of Hydrogen (Marsli-( Has) - CITj 
Sulpliide of Hydrogen (Hydrosulphnric) jjg 

Phosphide of Hydrogen (Phosplioretted ) pjj 
Hydrogen) - 

Ammonia ------- - NHg 

Water - - - - 
Carbonic Acid 
Snlphuric Acid - 
Phosphoric Acid - 
Nitrio. Acid - - 

HO 

COg 

SO3 

- PO, 

N05 

X (OeSPNH). 

X (HCSPNO). 


It is not, however, to be inferred that these products are so exclusively 
formed as is rejiresented in the above table. On the contrary, the products of 
the one series are more or loss produced among those of the other according 
to circumstances. Frequently at the commencement of the j)rocess, when 
there is still much water present, there appears more of the first series, and 
towards the termination there is more of the other, or the first pass subse- 
quently even into the oxygen-compounds. The products which are formed 
likewise combine with each other, and produce more complex compounds, 
such as carbonate and nitrate of ammonia, sulphide of ammonium, and many 
others. 

The medium surrounding the decomposing body itself has great influence or 
tlie nature of the products formed during spontaneous decomposition. If strong 
bases bcT present, particularly potassa or lime, acids are chiefly formed ’which 
unite with these bases. On tliis depends the formation of nitric acid, as already 
noticed (§ 33). 

All the above-mentioned products of decomposition exist in manures, 
whether solid or liquid, and on their presence depends chiefly the nutritive 

2c3 
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quality of these agents as food of plants. But as these combinations, without 
exception, are volatile, manures lose their efficiency by ex])osiire to the atmo- 
sphere. Hence many attempts have been made, by the additi(3ii of substances 
such as lime, clay, gypsum, sulphate of iron, sulphuric acid, &c., to fix those 
volatile acids and bases, and to retain them in the manure. 

164. Putrefaction is prevented by excluding the influence of water or of 
the air, or by a very low temperature. All thoroughly-dried animal and 
vegetable substances arc not susceptible of putrefaction. Drying is accom- 
plished either by exposure to the atmosphere, by artificial heat, or by the 
application of such substances as have the ]>roperty of abstracting the water on 
account of the greater affinity they have to this fluid. Such sul;)stiinces, for 
example, are common salt and sugar ; and on this principle depends tlie ])rocess 
of cm'ing by means of these substances. Spirit of wine has the same ellbct on 
substances which are immersed in it. If meat, vcgetabl(\s, and similar kinds 
of pi'o visions be put into tin vessels which are filled with hot water, and on 
which is soldered a perfectly air-tight lid, and if then tlioy are lieated for some 
hours in boiling water, sucli provisions can be kej^t more than a year without 
their undergoing any change. This mode, discovered by Appert, is indeed 
adopted in preseiving food for long sea-voyages or for winter store. The 
success of this process altogether depends on the complete exclusion of the 
oxygen of the atmosphere. 

A mammoth, an animal which is now extinct, has been discovered in Siberia 
frozen in the ground. The hide, hair, and flesh, were found to be in a perfect 
state of ])reservation, so that the flesh was eaten by dogs. This animal must 
have remained at least several thousand years in this condition, and it affords a 
very remarkable and convincing proof that cold prevents the ])rocess of putre- 
faction. 

Llany substances which arrest fermentation prevent or delay also putre- 
faction, such as creosote, pyroligneous acid, and likewise arsenic and corrosive 
sublimate. The preparation of mummies dei)en(ls on this principle, viz., that 
of drying the body as much as possible, and subsequently introducing a variety 
of antiputrescent substances. 

Slow Carbonization. 

165. When the remains of j)lants, for example, wood, stems, roots, moss, 
&c., under partial or com])]ete exclusion of atmospheric air and water, are sub- 
mitted to spontaneous decomposition, their oxygen and hydrogen are slowly 
eliminated from the mass in the form of carbonic acid, water, and carburotted 
hydrogen (marsh-gas), while the residue becomes continually richer in carbon. 
This diange is easily recognised by the colours of the bodies, which are so much 
tlie darker the more completely tlie carbonization has been effected. Tlie 
change produced may be also proved by chemical investigation. The products 
which remain are ligneous earth, mould, turf, peat, and the different varieties 
of coal. All these substances are distinguished by the extent to which de- 
composition has taken place. The most important member of the series is 
common coal. 

In ordinary cultivated soils there is always present a lai-gc portion of 
partially-decomposed vegetable remains, termed humus^ which frequently 
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communicates to the soil a darker colour than is possessed by the unculti- 
vated subsoil. 

In consequence of the gradual decomposition of vegetable substances, we find 
in certain localities different kinds of carbonaceous materials, accumulated in 
such large masses as to be available as fuel. In fact, the forests growing on the 
whole surface of the earth, would be insufficient for our daily consumption, if 
wc could not have recourse to the treasures which for tliousands of years have 
been accumulated in the bowels of the earth. The vast importance of com 
bustible substances, rentiers a more detailed account of them expedient. 

166. Turf is undoubtedly the most recent of the carbonaceous formations. 
It owes its origin principally to the turf-moss, as it is called, (Sphaynum 
palustre,) which frequently covers the whole surface of extensive moist moors. 
When the roots and under jmrts of the moss perish, there grows up a new 
covering of moss, which also decays in the following year, and thus the vegetable 
mould increases by successive annual depositions, which in the course of from 
eighty to one hundred years Ix^come a considerably deep accumulation. The 
Ciirbonizing j)rocess is incessantly active ; the under layers increase in blackness 
and become consolidated by the pressure of the sup(n*incumbent mass. Hence 
the best turf is the oldest : its black appearance and great d(?nsitv scarcely 
allow us to recognise it as a vegetable pro<iuct. The more recent turf is, on 
the contrary, brown, of a loosi.T texture, and evidently ap])ears to be a 
ibrmation of vegetable mould, half-decayed stems of mosses and of roots, and 
dead i)arts of all sorts of j)lants that generally grow in such j)lac(‘s. 

Under partiailar circumstances, the turf is more or less mixed with earthy 
matter. Sometimes the Latter substance is found in scarcely appreciable quan- 
tities, while occasionally it amounts to from 30 to 40 per cent of the whole. 
Til the latter case, tlio gn?ator s])ecific gravity of the turf is no certain proof of 
its good quality ; thertfore, in determining the value of the turf, we must take 
into consideration the amount of ash which it yields. 

167. The formation of brown~co(d (a sp(»cies of coal which occurs in many 
])arts of Germany) is ascribed to a period anterior to the history of the human 
race. More or Less large niiLsses of wood have been suddenly buried, or 
gradually concealed and changed in appearance, by the constant accumulation 
of earthy deposits. Brovvn-ooal presents the remarkable transition-process 
l)€t\vecn ordinary coal and mere \vo<^, and this, of course, differs acconling to the 
circumstances under wliicli tlie coal has been formed. In brown-coal are found 
stems with the woody annular rings quite apparent ; also seeds, leaves, and 
bark. Some specimens of this formation, on the contrary, are earthy, or black 
{ind solid, affording no indications of a Ligneous or vegetable origin. The 
brown-coal, the name of whicli is derived from its colour, has considerable 
density, aaiuired by the pressure of the mass of earth under w'hich it has been 
formed. We can form an idea of this enormous pressure from the fact that 

trunks of trees originally cylindrical have been flattened and pressed into an 

elliptical ^shape. This kind of coal is an excellent fuel, though sometimes 
associated with sulphide of iron, which gives to it a disagi'eeable odour when 
burned. 

168. Tlie origin of our common coal must be ascril^d to a still earlier 
period. This, as well as brown-coal, is undoubtedly of vegetable origin, being 
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formed from stems of trees and otlier ligneous matter. But these, in a long 
series of years, and by constant pressure, Jiave been so much altered, that, for 
a long time, the vegetable origin of coal was doubted. This doubt, however, 
has been removed, on the one hand, by the fact that turf and brown-coal form 
a transition-series between the vegetable matter and common coal, and, on the 
other hand, by the circumstance that difterent remains of plants or vegetable 
fossils are everywhere associated with the coal. Even stems of well-known 
forms of vegetation have been discovered. The microscope also plainly reveals 
the cellular structure, even in the most solid coal. 

The difficulty of accounting for such astonishing masses of coal, sometimes 
found in layers of 40 feet thick, is still unresolved. It is cerfeiin that the car- 
bonization of such enormous masses of wood must have been a process of many 
thousands of years* duration. 

Coal is compact, black, and shining. Its specific gravity is 1 *3, and if com- 
pared with the density of wood and of charcoal (§ 49, and Physics, § 34,) it 
becomes evident that the same bulk of coal contains a far larger (juantity of 
combustible matter. On this account it is an excellent fuel, but being denser, 
it is more difficult to kindle, and requires a greater supply of air to keep it in 
combustion than either wood or charcoal. 

Wc are not, however, entitled to consider coal as pure carbon. It always 
contains oxygen, hydrogen, and a small quantity, viz., from 1 to 2 per cent, 
of nitrogen. Moreover we meet with certain mineral constituents, particu- 
larly sulphur in combination with iron. It is evident that the dense super- 
incumbent mass of earthy matter on the carbonaceous strata has prevented their 
complete carbonization. The carbonization, however, can be accomplished by 
a process analogous to that used in the carbonizing of wood (§ 49). In this 
])rocess the sulphur, which is so prejudicial to the use of coal, is in the mean time 
separated from it: the product obtained is called coke. As this material, 
with the exception of its mineral constituents, consists entirely of carbon, and 
imsesses a great density, it forms the most valuable of all fuels when a high 
degree of heat is required in a small space. Hence it is almost exclusively 
employed in generating steam in locomotives. Coke has a gray shining, almost 
metallic, sometimes a slaggv, ap{>earance, and is so dense that it sounds when 
struck with a hard body. Coal is found under a great variety of aspects, and 
of very unequal comi)Osition and quality, as the subjoined tabular view shows 
very conspicuously. It is evident that it is of less value the more mineral, and 
consequently incombustible, materials it contains. The different kinds of coal, 
when pulverized and heated, comport themselves in three ways. They either 
swell up and finally cake together, and are therefore distinguished as caking-coal, 
this kind is particularly adapted for forges and for gas-lighting : or the particles 
of pulverized aial sinter together, and this coal is therefore called sinter-coal ; 
whilst the so-called sand-coal remains powdery. The latter is much less 
valuable than the other varieties. One of the best kinds of coal occurring in 
England is the canneU or candle-coal^ which burns with a beautifully cfear ffame, 
hence its name. This property and the applicability of coal for gas-lighting 

depend chiefly on the amount ofhydrogenit contains. 

169. Now that we have in the preceding sections become acquainted with 
wood, turf, brown-coal, and coal, we will subjoin some general considerations 
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in reference to the value of these various combustibles, as materials for fuel. 
All our modes of obtaining artificial heat depend on the combination of 
carbon and hydrogen with oxygen, which produces the phenomena of com- 
bustion. 

Hence it may be stated as a rule that those bodies which contain in an 
equal weight the largest quantity of unoxidized carbon and hydrogen are the 
most valuable fuels. In 100 lbs. of gi’ecn wood we have only 20 lbs. of 
carbon, while 100 lbs. of dry wood contain 40 lbs. 

The heat which fuel yields is entirely dependent on the manner of its com- 
bustion, since equal weights of coal under similar circumstances, when perfectly 
consumed, yield an equal supply of heat. A perfect combustion, however, is 
such wherein no particle of carbon escapes without being converted into the 
highest oxygen comi)ound, namely, carbonic acid. 

An evident loss of heat is experienced in every furnace from which uncon- 
sunicd gas and vapour, in the form of smoke, or inflammable gas (carbonic 
oxide, which burns with a blue flame), escapes into the atmosphere. 

In the use of fuel the following jx)ints are of importance, viz., the quantity 
of carbon, hydrogen, water, and mineral substtmces which they contain ; then 
the density ; and finally, the most perfect coml)ustion by a suflicient draught 
of air. 

CoME»AUisoN of Vahicus Fuels. 


Dried at C. (212^ F.) 

Density. 

1 

100 parts, by weight, coritairi 

Carbon. 

Hydrogen. 

Oxygen. 

[Mineral 

Constituents. 

C'liarcoal ----- 

1 

0*187 

99*07 

• • 

• • 

0*03 

Coke ----- 

- 

1*08 

95 

• • 

• • 

to 5 

CakiiiEj-coal - - - - 

- 

1*28 

87 

5 

5 

1*3 

Canncl-coal - - - - 

- 

i*ai 

67 

5 

8 

2*5 

Brown- coal (host quality) 

- 

1-37 

66 

4*8 

18 

2*7 

Turf (best quality) - - - 

- 

• • 

58 

5*9 

31 

4'6 

Brown-coal (ligneous) - 

- 

1*27 

51 

5 

30 

1*29 

Beech-wood - - - - 

- 

0*728 

49 

6 

44 

• • 

Ditto (dried in the air) - 

“ 

* * 

40 

• • 

" * 

• • 


The above table clearly shows that the pro]X)rtlon of oxygen decreases in 
the same ratio as we proceed towards older carbonaceous formations ; w^hilst 
in wood we find 44 per cent of oxygen, the quantity in many kinds of coal 
decreases to about 5 per cent. 

(2.) Dry Distillation. 

170, The materials which are submitted to this process for the sake of the 
products obtained, are coals, wood, and the flesh of animals. The process is 
conducted in large manufactories, where the materials to be decomposed are 

heated in iron vessels of various forms, and to which suitable arrangements are 

appended for condensing and collecting the volatile products. 

The combinations formed during the distillation depend chiefly on the com- 
position of the bodies submitted to this process. 
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The following table affords a view of die different nature of the pixxlucts 
obtained : — 


Product^ obtained from the Dry Distillation of— 


Coal 


Wood. 


Animal S u ust a nc i :s. 

Water 

HO 

1 Water 
! Naphtha - 

HO 

Water - - - 

j 110 

Ammonia • 

XII. 

CoH^O, 

1 Sulphide of Am-1 

NH S 

Volatile Tar Oil 

OHO 

Acetic Acid 

CJI/>, 

I moiiium - J 


Tar - — - 

CHO 1 

Volatile Tar Oil 

CHO 

1 Cyanide of Am-j 

NH^Cy 

Naphthaline 

C«,H, 

Tar - - - 

CHO 

1 moniiim - J 

Carburetted 1 

CHj 

Creosote - 


Carbonate of Am-1 

NH,0,C0g 

Hydrogen J 

Carburetted \ 

CII 

monia - / 

Olefiant Gas 


Hydrogen f 


Volatile Tar Oil - 

CHON 

Sulphurous Acid 

«0, 

Carbonic Acid - 

CO, 

I Tar - - - 

CHON 

Carbonic Acid - 
Carbonic Oxide > 

As Residue : 

CO, 

CO 

Carbonic Oxide 

As Residue: 

CO 

i Carburetted Hy-1 
j drogeii - j 

; Phosphoretted ) 

! Hydrogen - j 

Carbonic Acid 
: Carbonic Oxide - 

I As Residue : 

CHg 

PH3 

CO, 

CO 

Coke - - - 

c 

Charcoal - 

c 

1 Nitrogenous Carbon 

NC 

X 

C,H,0,S,N 

X 

C,H,0 

1 X 

C,H,0,S,N,P 


Here, as well as in the putrefactive process, the products of the one series 
ap])ear among those of the other series, though always subordinate in quantity. 

In general the hydrogenated products appear first, such as acetic acid, naphtha, 
volatile oils, and water containing ammonia, which, however, are soon partly 
decomposed, and thus give rise to simpler combinations, such as carburetted 
hydrogen, carljonic acid, and carbonic oxide. The tar which apj)ears in each 
of these cases is a body of no definite chemical composition, but rather a 
mixture of many substances, particularly of volatile oils, and is coloured black 
by carbon. Several of the sul^stances found in the tar, on account of their 
properties and practical utility, have become objects of manufiicturing industry ; 
thus, for instance, is obtained, from this substance, by distillation with water, 
the volatile tar-oil which is employed as an illuminating material and as a 
solvent of caoutchouc. 

The tar and tar-oil obtainable from animal substances are, however, on 
account of their penetrating and oflensive odour, scarcely fit to be applied to 
any useful practical purpose. 

The employment of carburetted hydrogen as an illuminating material has 
already been noticed in § 66. Naphthaline is a constituent, especially of the 
coal-tar, crystallizing in nacreous plates. It possesses a ])eculiar and not 
unpleasant odour, characteristic of lamp-black, which always contains a portion 

of this substance. Creosote is an oily colourless liquid, which is obtained also 
from tar, and possesses in a high degree the odour of smoke. It has an 
extremely hot taste, and is in some degree a preventive of putrefaction and 
fermentation. 
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Ammonia and its important combinations obtainable from animal substances 
}jy the process of distillation have been already described in § 78. Tlie impure 
distillate which contains the ammonia is employed in medicine under the name 
of spirit of hartshorn. Pyroligneous acid is used in the preparation ac^itic 
acid and of acetates, particularly of acetate of lead. This kind of vii-efvar, on 
account of its creosotic flavour, is newer employed in domestic economy.^ Like 
nearly all the products of drv distillation, it possesses the property of arresting 
or preventing putrefaction and fermentation. Naphtha, or h}drated oxide of 
methyl (0^11,0, HO), oljtained in the dry distillation of wood, possescs pr.i- 
])erties analogous to those of ordinary fdcohol. Its radical, termed meth\l 
(CgHa), yields a class of compounds possessing ])eculiar interest, and jiresenting 
the most complete parallelism in properties and composition to tliosii of cthvl. 
Naphtha is colourless and of not unpleasant odour, and is employed in this 
country as a fuel for lamps, being less expensive than our highly-taxed sjiirit 
of wine. 


Natural Products of Distillation. 

171. We are taught from the stmeture and origin of the crust of the earth 
that at diflerent epochs the upper stratum has been ruptured by streams of 
glowing mineral substances proceeding from the inferior of the earth. In 
places where this melted matter came in contact with those strata, the latter 
have been more or less altered in their qualities. If this action took place, for 
example, in the vicinity of coal, this material, through the influence of intense 
heat, might have been altered in the same manner, and might have yielded 
exactly such products as if submitted to dry distillation. Anthracite (§ 52) is 
justly considered as the result of the action of heat upon coal, since it contains 
as little oxygen and hydrogen as coke, from which it differs merely in its non- 
porosity, which is to be accounted for by the pressure to which it was subject 
during the process of its formation. The artificially-prepared coal-tar is replaced 
hy petroUum or stone-oil (CH). 

In many districts, ]>articularly on the borders of the Caspian Sea, at 
Amiano in Italy, and at Rangoon in Burraah, an oily substance called rock-oil^ 
or petroleum, is found to exude from the soil, and is met with floating on 
the surface of the water of springs. Some kinds are of a pale colour and very 
fluid, while others are dark and semi-solid at the ordinary temperature. The 
latter varieties when distilled yield a colourless naphtha which has the fonnula 
CgHj; its principal application is in the preservation of potassium, sodium, 
and the metals of the alkaline earths. The residue remaining after the volatile 
oil has passed oiT contains a considerable quantity of paraffim — a substance 
Siiid to be obtained in considerable quantity in the distillation of Irish peat, 
and to be admirably adapted, when mixed with a suitable proportion of wax, 
to making candles. 

In likG manner naturally-formed tar, which has received the name of asphalt 

or Jeuo\ pitch (bitumen), is found sometimes in an indurated condition, and 
sometimes more or less soft. This is employed for many purposes, particularly 
for tarring, as fuel, cement, black paint, or varnish for wood, iron, Mixed 
with coarse sand it is used in the preparation of roofing-felt, and for paving, 
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flooring, &c. The artificially-pre])ared tar may be employed for similar pur 
poses after it has been deprived of its oil by distillation with water. 

Herewith we conclude our description of chemical phenomena, several of 
which have been but slightly noticed, and more not mentioned at all. To 
those who wish to study chemistry more profoundly, either for professional, 
artistic, or manufacturing puiq^oses, we recommend the many excellent works 
on this subject in our own and the continentil languages. 





MINERAIOGT AND GEOLOGY. 


1. Mineralogy is the science which treats of Minerals, or those con- 
stituents of the earth which are of similar composition through their 
entire mass. 

All parts of the same mineral are alike. In none of them do we observe 
those peculiar structures which we term which, in Plants and 

AnimsJs, fulfil functions that are indispensable to the existence of the indi- 
viduals to which they belong. Minerals are consequently called Inorganic 
substatices. It is immaterial whether the mineral subjected to examination 
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is large or small; in either case it presents to us the same structure. A 
small specimen of sandstone gives us as good an idea of its properties as 
would be given by a large block or a mountain of the same material. A 
robk crystal of the length of a line is as perfect as one a foot in length. 

2. In Chemistry (§ 3 and § 9) we have already seen that the entire mass 
of the earth is composed only of a few more than 60 simple substances or 
elements. By virtue of the chemical affinity possessed by these bodies they 
are found to exist in the greatest variety of combination, and only seldom 
occur as simple substances. Proceeding from this view, Mineralogy might 
be termed the science of those chemical compounds which occur in Nature. 
We have already, in studying the science of Chemistry, become acquainted 
with a number of such natural compounds, and have mentioned the names 
of many others. 

Chemical affinity, however, is not the only power by which the elements 
are influenced in the great laboratory of Nature. Its action is accompanied 
by that of a number of other forces and influences, producing a series of 
mineralogical formations which cannot be considered simply from a chemical 
point of view, nor explained by chemical affinity alone. 

3. Minerals may, therefore, be classed in two principal groups, which are 

readily distinguishable from each other. Those of the first class possess all 
the properties of perfect chemical compounds; they are definite in their 
chemical composition, and equally definite in their crystalline form. These 
bodies are the true or simple Minerals, and the science that treats of them is 
Mineralogy. »; 

The other series of minerals has an essentially different character. The 
objects composing it are either evident mixtures of simple minerals, or, if 
they agree with simple minerals in chemical comi^osition, they differ by 
having no definite crystalline form. Hence they do not occur as well- 
defined crystals, but in amorphous masses. These substances are called 
Mixed Minerals^ Stones^ or Rocks, The study of their properties, of their 
relations to each other and to the mass of the earth, and the investigation 
of their origin and mode of aggregation, constitute the subject of that division 
of natural science which is termed Geology. 

L— MINEEALOGY. 

4. The first condition required of Mineralogy is that it shall furnish us 
with means to recognise Minerals and determine the classes to which they 
belong. Minerals may be distinguished and classified by certain characteristics. 
These are, principally, 1, their Form ; 2, their Phydcal^ and 3, their Chemical^ 
properties. With the aid of these characteristics we can make an attempt to 
describe minerals. 

1. Fobm OF Minerals.— CRYSTALLOGRAPHY. 

5. We have already remarked in Physics (§ 19), and in Chemistry (§ 29), 
that the smallest particles of chemical compounds attract each other and 
arrange themselves in certain directions, producing regularly-formed bodies, 
which are called crystals. These forms exhibit fcuces or planes; edges or 
lines of contact of two planes, and points or angles formed by the meeting of 
three or more planes. There is no form of crystal exhibiting less than four 
planes, six edges and four angles, and most crystals have a larger number. 
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As every mineral, with few exceptions, always crystallises in one definite 
primary form, the observation of the forms of minerals is naturally a very 
important and certain mode of discriminating them. The forms of crystals 
are, however, exceedingly numerous. On examining a collection of minerals, 
hundreds of different forms are presented to the eye ; yet these varieties may 
be traced back to a few fundamental forms^ from which they are all derived. 

Of these fundamental forms there are six, which, with the various secondary 
or derived forms, constitute six families or systems of crystallisation, the 
study of which forms a particular branch of science termed CrystaJhgraphy. 

It is not possible for us to enter into the details of this science, but we will 
endeavour to make ourselves acquainted with the primary forms, with the 
most important secondary forms, and with the manner in which a secondary 
crystal is described and traced back to its fundamental form. 

j Fundamental Forms op Crystals. 

6. The regular octohedron (fig. 1). This ciystal is limited by eight equal 
equilateral triangles, and has twelve edges and six angles. An imaginary 
lino, extending from one angle to the opposite one, 
represents what is called the cuds of the crystal. The 
octohedron has therefore three such axes, which are 
all equal and intersect each other at right angles. 

The whole form of the crystal is dependent upon this 
relation of the axes. If we construct an axis-cross 
with three knitting-needles of equal length, so that 
they cross each other at right angles, their ends will 
represent the angles of a regular octohedron. 

Irregular octohedrons, which are likewise funda- 
mental forms, may also be easily represented by such 1. 

crosses. The axes are either of unequal length, or they do not intersect each 
other at right angles, or they may exhibit both of these deviations. 

In examining and describing a crystal, it is always placed in such a 
position that one of the axes is situated vertically in front of the observer; this 
is called the principal axis^ while the others are termed secondary axes. When 
the axes of a crystal are equal, any one may be adopted as the principal axis, 
but when they are unequal the longest is generally chosen as the principal. ^ 

7. The secondary forms of the octohedron, as of all other crystals, are 
produced by the real or imaginary removal of certain portions of the primary ^ 
form in a regular manner. We will give a few examples of this, which may 
be rendered more lucid by the use of prepared models or by cutting the 
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requisite forms out of a piece of potato or turnip. On removing the angles 
from the octohedron (fig. 2.) by parallel sections, a cube will at last be 
obtained. The cube, or six- faced solid (fig. 3), has six square planes of equal 
magnitude, eight angles, and twelve edges. On removing the angles of this 
crystal, as in fig. 4, the regular octohei*on is again obtained. The crystal 



represented by fig. 5 is intermediate between those shown by figures 2 and 
4, or between figures 1 and 3. It is evident that these forms bear certain 
<iefinitc relations to each other, and therefore they are said to belong to the 
same system of crystallisation, which has been called the regular system. 

A number of secondary forms may be obtained by truncations that remove 
the angles and edges of the primary forms. Thus, fig. 6 is a cube deprived 
of its edges and angles. If the removal is continued in a regular manner 
tlie rhombic dodecahedron (fig* 7) is obtained, of which the twelve equal 
planes are rhombs. 

Another series of secondary forms — ^the hemihedral forms — ^is produced by 
removing, not the whole of the angles or edges of a primary form, but only 



tlie alternate angles or edges w'hich are situated opposite to each other. The 
tliree-sided pyramid, or tetrahedron (figs. 8 and 9), is thus obtained from the 
octohedron. The pentagonal dodecahedron (fig. 10) is a secondary form 
obtained in a somewhat similar manner. 

•S. Tho second primnry form is the (piadrntic octohedron (fig. 1 1) : this 
form has three axes intersecting each other at light angles, two of which are 
e(jual, while the third is longer or shorter than the others. The middle 
section of this octohedron is a square. By truncation of its edges the prism 
(fig. 12) is obtained. The latter may again in various ways be pointed or 
have its edges and angles removed. 
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The third primary form is the rhombic-octohedron (fig. 13), the axes of wliich 
3ross each other at right angles, but are all unequal. The middle sec tion ol 
:his octohedron is a rhomb. This is one of the crystalline forms of sulphur. 
The rhombic p'ism is obtained by the truncation of the edges of the octohedron. 

The fourth primary form is an octohedron with three axes of unequal 
ength, two of which intersect each other at an oblique angle, but arc pi; 



14. 15. M. 

t right angles to the third axis, as shown in figs. 14, 15. This octohedr on 
enerally occurs in its secondary forms, particuhirly in oblique rhombic 
risms, as in gypsum (fig. 1 6). 



17. 18. 19. 

The fifth primary form is an octohedron of which all the axes are unequal, 
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and intersect each other at oblique angles. This octohedron only occurs in 
its secondary forms, such as is exhibited by fig. 17, which is the crystalline 
form of axinite. 

Figs. 20 and 21 represent two derived forms, which are not only of fre- 
quent occurrence in the mineral kingdom, but also in chemical preparations. 



20 . 21 . 


These are the tabular crystals or plates, some of which have straight ter • 
ininal planes, as fig. 21, while others are sharpened off at the sides, as fig. 20. 

The sixth primary form is the hexagonal dodeca- 
hedron (fig. 18), a double six-sided pyramid. This 
system, which is also termed the hexagonal system^ 
is the only one which has four axes: three of 
these are equal, and intersect each other at acute 
but equal angles. *The fourth or principal axis 
is unequal to the others and intersects them at 
a right angle. Among the secondary forms of 
this system may be mentioned the beautiful hexa- 
gonal prism {fig. 19), jind the rhombohedron 
(fig. 22), which is enclosed by six equal 
rhombs. 

9. The same mineral frequently occurs in very different crystalline forms, 
which, however, will always be found to belong to one and the same system, 
that is to say, they may always be traced back in some way or other to the 
same primary form. The determination of the form of the crystal is frequently 
attended with considerable difficulty. This arises in part from the similarity 
which many forms have to each other, so that they can frequently be dis- 
tinguished only by the most accurate measurements of the edges and angles 
of the crystals. Sometimes the difficidty is caused by the crystals being very 
rarely so regularly and distinctly formed as they are represented in diagrams. 
In attempting to account for the irregularities of natural crystals, it may 
generally be assumed that there were obstacles present at the instant of their 
jbrmation which did not permit the crystal to be equally and perfectly developed 
on all sides. Thus, it is frequently observed that Only one-hSifi or only an edge, 
an angle, or a plane of the crystal is produced, the remainder of the form 
being either entirely wanting or hidden in an extraneous adhering mass (see 
the figure at page 238). The most regular forms frequently appear to be per- 
lectly irregular, the necessary conditions for the formation of the crystal having 
been favourable only on one side. The difficulties attending the examination 
of crystals may, however, be overcome by practice. Models of crystals, which 
may easily be procured, are of great assistance irl the study of crystallography, 
A variety of familiar names are given to irregular crystalline formations, 
such as tables, plates, needles, &c. 
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A mineral appears as a crystalline mass, or aggregate, when it consists of 
small crystals irregularly and closely arranged together. Thus, for instance, 
calcareous spar is distinctly crystallised, and marble only crystalline, carbonate 
of lime. When a mineral exhibits no crystalline arrangement of its particles, 
it is said to be amorp1unLS, Cavities in many masses of rocks are sometimes 
filled with groups of crystals. These are called geodes or drusic cavities 
(comp. § 81). 

2. PHYSICAL CHARACTERS OF MINERALS. 

10. As minerals cannot always be distinguished by their form, otlier 
characteristic properties are called into aid, such as the cohesion, the specific 
gravity, and the colour of minerals, also their comportment with light, elec- 
tricity, and magnetism. These are termed the physical characters of minerals. 


Cohesion. 


11. There are only two liquid minerals; the greater number is sohd, and 
with these special regard is to be paid to their cleavage, fracture, and hardness. 

A mineral is cleavahle when it is possessed of crystalline structure. In 
such a case its particles are arranged in a certain manner, so as to exliibit 
less cohesive power in one direction than in another, similarly to wood which 
is more easily cleavable in the direction of its fibre than across the grain. 
There are, of course, various degrees of cleavahility ; thus, mica is cleavable 
into the thinnest laminte. Cleavage surfaces are more or less plane. 

Fractures^ or fractured surfaces, are produced by the forcible disintegration 
of minerals that are not cleavable, or of cleavable minerals in any other direc- 
tion than that of their cleavage. The appearance of the fracture is very 
characteristic of many minerals ; it is cither even or uneven^ or it may be? 
conchoidal^ as, for example, in the case of flmt. It may be also splintery^ or 
jaggedy and very frequently it is earthy^ as in chalk and many other minerals. 

12. In the description of a mineral, particular attention is always paid to 
its hardness. Many minerals are sufficiently hard to resist the best files, 
while others are so soft as to admit of being scratched with the finger nail. 
There are between these two extremes various degrees of hardness, which 
cannot be so easily described. Other means have, therefore, been resorted 
to for the determination of the degree of hardness of different minerals with 
tolerable accuracy. Of two minerals, that one of course is the hardest which 
will scratch the other without being scratched itself. A scale of hardness 
has been constructed by Mohs, consisting of ten well-known minerals, so 
arranged that each one mil scratch that which precedes it, and may be itself 
scratched by all those which follow it in. the scale. Thus, ten degrees of 
hardness arc obtained between the softest mineral, which is talc, and tlic 
hardest, namely diamond : these degrees are represented by the correspond- 
ing numbers ; they are as follows : — 


Degree of hardness 1— Talc. 

2=Gypsum or rock salt. 
3=Calcareous spar. 
4=Fluorspar. 
6=Apatito-8par. 


Degree of hardness G=:Felspar. 

7=Quartz. 

8=Topaz. 

9=Corunduin. 

10=Diamond. 


If, therefore, the degree of hardness of a certain mineral is said to be 7, 
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we know it to be equal to that of quartz. It may easily be remembered tliaf 
a high degree of hardness is represented by a high number, and vice v&i'sd. 
The best way of trying the hardness of a mineral is to rub it on a hard fine- 
toothed file in comparison with the minerals tliat constitute the scale, pieces 
of which are reserved for that use. The scratching of minerals by one 
another is liable to several fallacies. 

Specific Gravity of Mi>:erals. 

IfS. The density or specific gravity of a body, as was shown in Physics 
(§ 34), is the weight of a certain volume, compared with that of an equal 
volume of water. Thus, the density of lead is — 11, since one cubic inch of 
this metal weighs 11 times as much as 1 cubic inch of water. We have 
already spoken of the value of a knowledge of specific gravities ; the fact ol 
substances always possessing the same density under uniform circumstances, 
furnishes an important means of recognising them, particularly in the case of 
minerals. Hence the determination of their specific gravities has been made 
and repeated with the greatest care, generally at a temperature of 15^*5 C. 
{ From what has been said in Chemistry, it may in general be 

assumed that minerals of high specific gravity contain heavy metals. 

Com^ORTMENT OF MINERALS WITH LiGHT. 

1 4. As minerals are a very extensive and diversified class of bodies, they 
exhibit an exceedingly varied behaviour under the influence of the rays of 
light. Many minerals permit these rays to pass through them, and refiract 
them during the passage. Others reflect the light in a peculiar manner, 
This leads us to speak of the transparency, the refracting power, the lustre, 
and the colour of minerals. 

Transparency is cither perfect or imperfect. We meet with the former 
chiefly in highly-developed crystals. Sometimes this character (perfect 
transparency) appears in conjunction with the absence of colour, in this case 
the mineral is termed simply transparent. The different degrees of imperfect 
transparency are indicated by the terms semi-transparency and tmnslucency. 
The term opaque is employed where no rays of light are transmitted by the 
mineral. 

licfracting power (Phys. § 161) is only perceptible in perfectly transparent 
(Tvstals. It varies exceedingly in different minerals; thus the precious 
stones are highly refractive, while other minerals possess this property only 
in a slight degree. Double refraction is a very peculiar phenomenon. Many 
minerals not only refract the incident ray, but divide it into two parts, each 
proceeding in a different direction, so that two images are seen of any object, 
such as a black line, when viewed in a certain direction through the crystal- 
Iceland spar is a mineral which exhibits this double refractive power with 
great distinctness. 

15. The lustre of minerals is dependent on the nature ol their surfaces; 
and the more these approximate to the reflecting surfaces of mirrors, the more 
perfect is the lustre. Minute flaws and inequalities, all give rise to certain 
peculiarities of lustre, which are expressed by various intelligible terms, 
according to their nature and vividness. 
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Thus we distinguish : metallic lustre^ adamantine lustre, vitreous lustre, waxtj 
or fatty lustre, pearly or nmreous lustre, and silky lustre. Some minerals are 
also described as highly lustrous, lustrous, slightly lustrous, shining, and dull; 
tJiose of earthy fracture, for instance, are distinguished by the latter term. 

The colours of minerals are expressed by the terms generally adopted for 
denoting the impressions they produce on the eye. The principal colours 
are white, gray, Hack, blue, green, yellow, red, and brown; besides these there 
is a variety of mixed colours of all possible shades. A scale of colour, similar 
to the scale of hardness, has been constructed, the colour of a certain mineral 
being distinguished by a particular name. 

The streak of a mineral is also a remarkable characteristic ; it is the colour 
produced by rubbing or streaking a mineral on a white body, or by scratch- 
ing it with a harder substance. The streak is, generally speaking, lighter 
than the colour of the mineral, thus, for example, manganitc is nearly black, 
whilst on paper it produces a brown streak. The colour of a mineral often 
agrees with that of its streak, yet highly-coloured minerals frequently yield 
very pale or even colourless powders. The streak of a mineral, or the colour 
of the powder produced by scratching it, affords a more trustworthy character 
than its external colour. 

There are many other phenomena of colour, such as opalescence and irides- 
cence, which, however, occur less frequently. Some minerals under certain 
conditions, for instance when they arc heated, or exposed for some time tc» 
the rays of the sun, possess the property of becoming slightly luminous when 
placed in the dark. This property is called phosphorescence, and may be 
observed by heating pulverized fluorspar on a platinum knife in the liame 
ef a spirit-lamp. 

Comportment of Minerals with Electricity and Magnetism. 

16. Physics has taught us (§ 175) that all bodies are classed into two 
groups, one comprising those that become electrical by friction, which are 
therefore cidlcd electric bodies, the other formed of those bodies that do not 
exhibit this property, and which are therefore termed non-electric bodies. The 
electric bodies are non-conductors, and the non -electric bodies are conductors 
of electricity. It may readily be ascertained to which group a mineral 
belongs, by rubbing it, and then approaching it to an electrometer. Generally 
speaking, those minerals that contain heavy metals belong to the class c>f 
non-electrics or conductors, while minerals that consist of tlie non-metallic 
elements, and of the compounds of the lighter metals, become electric by 
friction, and are non-conductors or imperfect conductors of electricity. 

Comparatively few minerals, and only those which contain iron (comp. 
Phys. § 102) exhibit magnetic properties. The magnetic deportment of a 
mineral may easily be detected by placing it in juxtaposition to a magnetic 
needle. 

Odour, Taste, and Touch of Minerals. 

17. Most minerals have no odour. Some liave a very ckaractenstJc odour, 
which generally arises from the presence of foreign substances, particularly 
of mineral naphtha (Chera. § 171); sometimes, however, the odour becomes 
perceptible only on striking, rubbing, or breathing on the mineral. Several 
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minerals, such as those containing sulphur and arsenic, evolve peculiar 
odours when heated, these odours being due to chemical changes. 

Taste is only possessed by such minerals as are soluble in water, of which 
there are comparatively few. Its nature is of course dependent on the com- 
position of the mineral ; thus the taste of rOck-salt is saline^ that of salts of 
magnesia hitter^ that of nitrates cooling^ &c. 

The tmeh^ or perception experienced on handling many minerals, is very 
characteristic, some being roughs as lava ; others fatty or unctuous, as soap- 
stone or talc, whilst others, such as the precious stones, produce a sensation 
of cold when touched. Several minerals possess the property of absorbing 
water, and some with such power as to adhere firmly to the tongue or a 
moistened finger, when brought in contact with it ; clays exhibit tliis pro- 
perty in a remarkable degree. 

3. CHEMICAL PROPERTIES OF MINERALS. 

18. As we have already described minerals as chemical compounds occur- 
ring in Nature, tlicy must necessarily be possessed of properties bearing a 
certain relation to their constituents, and becoming particularly evident when 
the minerals arc decomposed. Chemical formula? are employed with great 
convenience in distinguishing those minerals which have a definite chemical 
composition. It is therefore of advantage to have become already acquainted 
with Chemistry, since in Mineralogy we have to refer to that science at every 
step. 

When structure and physical characteristics arc insufficieut to enable us 
to recognise a mineral or determine its nature, we must have recourse to 
chemical tests. The Mineralogist has then to solve two problems by means 
of Chemistry ; first, the nature of the substances contained in the mineral, 
and then the quantity in which each substance is present. To arrive at a 
Jinowledge of the latter it is necessary to effect a perfect separation of the 
juineral into its constituents, and to weigh them. This operation is called 
quantitative analysis, and requires much time and care. 

Qualitative analysis merely makes us acquainted with the various substances 
contained in a body, and, generally speaking, may be conducted with greater 
expedition, particularly by the Mineralogist, who has other auxiliary means 
at his disposal for recognising a mineral. He therefore confines himself, as 
far as possible, to the most simple chemical agents, which he can easily take 
about with him, and have continually at command. He avails himself 
especially of the decomposing power of heat, and the solvent property of water 
and acids. The submission of a mineral to the former is termed its investiga- 
rion in the dry way, and to the latter its examination in the moist way. 

Action of Heat on Minerals. 

li). The Mineralogist applies heat in various degrees of intensity^ from 
gentle warming to the most powerful ignition. For the latter purpose he 
makes use of the blowpipe, which is a tube of metal, terminating in a point 
with a narrow orifice. The opposite end is called the mouth-piece, because 
it is placed in the mouth, and by means of which air is forced through the 
blowpipe. The latter is made 7 or 8 inches in length, and is somewhat bent 
at the extremity. On forcing, by means of the blowpipe, a jet of air into 
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the flame of a lamp, we obtain on d small scale the same effect which the 
Smith produces by the bellows of the forge, namely, an intense heat in a 
confined space. The blowpipe imparts to the flame a conical form; into 
this flame small fragments of the mineral to be examined are introduced, 
being either held by a small pair of forceps with platinum points, or placed 
upon a piece of well-burnt charcoal. When the specimen is to be only 
gently heated, it is frequently heated in a glass tube by means of a spirit-lamp 
without the aid of the blowpipe. 

20. In performing these experiments, the particular points to which 
attention is directed are the fusibility and volatility of the substance, as also 
the particular colour which it may impart to the blowpipe flame. 

The fusibility of minerals varies exceedingly. Some fuse at a gentle heat 
in the ordinary flame of a lamp, as many salts, for instance ; others are fused 
only by the application of the most intense heat ; and some are perfectly 
infusible. The different degrees of fusibility are expressed by the terms 
easily fusible, difflcultly fusible, infusible, &c. 

The fusion of substances is attended by other phenomena worthy of notice ; 
thus some minerals fuse quietly, others swell up or intumescc, or decrepitate, 
&c. The fused mass cither presents itself in the form of a glass, a slag, a 
scoria, an enamel, or a metallic bead, the latter being generally formed when 
a heavy metal is present. 

Volatile substances are very often expelled from minerals by the application 
of heat. Thus aqueous vapour is almost always evolved, and it is necessary 
to observe whether this water be merely accidental, or chemically combined 
as water of hydration or of crystallisation (Chern. § 28). Many minerals 
disengage various gases, as, for instance, chalk evolves carbonic acid, and 
binoxide of manganese evolves oxygen. New compounds arc often produced 
during ignition, by the combined action of heat and the oxygen of the air. 
Thus, lead ores become easily coated with a yellow crust of oxide of lead, 
ores of antimony with white oxide of antimony, sulphuretted ores yield sul- 
phurous acid, which is easily recognised by its suffocating odour, and arseni- 
cal ores evolve the peculiar garlic odour of arsenic. 

The colour of the blowpipe flame is often an excellent means of distinguish- 
ing a mineral. Thus strontia imparts to the flame a crimson tint, lime an 
orange, potassa a violet, soda a bright yellow, boron and copper a green 
tint, &c. 

21. Hitherto we have spoken of the influence of heat alone upon the sub- 
stances under examination ; frequently the co-operation of chcmiciil substances 
is employed, by which peculiar phenomena are produced. Such substances 
are carbonate of soda, cyanide of potassium, and borax or biborate of soda. 

Wc have already seen in § 20 that the oxygen of the air exerts an oxidis- 
ing influence, and it must here be remarked, that the point of the blowpipe 
flame is the only portion which allows the oxygen to have access to the sub- 
stance, this part of the flame is therefore called the oooidising fame of the 
blowpipe. If the substance under examination is introduced into the wide 
interior portion of the flame, which is not luminous, and still contains uncon- 
sumed carbon, the latter exercises a reducing action, if the substance contains 
an oxygen compound. This portion of the flame is hence called the inrier or 
reducing flame. Thus, for instance, a piece of tin may be easily converted 
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into white oxide in the outer dame, and reduced again to a metallic bead in 
the inner flame. 

22. Carbonate of soda and borax, when added to the specimen under 
examination before the blowpipe flame, are called jluxes^ since they produce 
easily fusible compounds. Carbonate of soda when fused with compounds 
rich in silica forms an easily fusible soda-glass ; it likewise serves for the 
production of soluble salts of arsensic, sulphur, manganese, &c., these ele- 
ments when present being converted into acids by exposure to a high tem- 
perature. In the use of borax (biborate of soda, Chem. § 62), the boracic 
acid .which resists the action of Are, combines with metallic oxides, forming 
peculiarly coloured glasses, which correspond pretty well in their colours 
with those of the glass fluxes with which we have previously become 
acquainted (Chem. § 77). The result obtained in this experiment is de- 
pendent on the part of the flame in which the fusion is effected, since the 
lower oxides frequently yield glasses which differ in colour from those pro- 
duced by the higher oxides, as is shown by the following examples. 


Oxides of 


CoiiOVR OF THE BORAX GLASSES. 


In the Oxidisinf; Flame. 


In the Bedueiug Flame. 


Chromiam, 

Manganese, 
Antimony, 
Bismuth, 

Zinc, 

Tin, . 

Lead, 

Iron, 

Cobalt, 
Nickel, 

Copper, 
Silver, . 


Emerald-green, 

Violet, 

Bright yellow, 

Colourless, 

{ Colourless, a white enamel with) 

much zinc, ) 

Colourless, 

Yellow, colourless on cooling, . 

J Dark red, becoming lighter and) 
\ nearly colourless on cooling, f 

Blue, J . . . 

Reddish-yellow, lighter on cooling, 

Bluish-green, 

Milky white on cooling, . • . 


{ Yellowish - brown, colourless on 
cooling. 

Colourless, 

Dull and grayish. 

Gray and dull. 

Volatilises. 

Colourless. 

Reduced to metallic globule. 
Bottle-green, blue-green. 

Blue. 

Grayish. 

J Colourless, cinnabar - red, and 
\ opaque on cooling. 

Grayish. 


23. If we finally avail ourselves of the co-operation of water and acids as 
solvents of minerals, we enter at once into the range of those chemical phe- 
nomena which are described in all their details in special works on analytical 
chemistry. 

It therefore only remains to be observed) that these solvents are generally 
applied in a certain order ; namely, water first, then hydrochloric acid, then 
nitric acid, and finally a mixture of the two latter (Chem. § 36). Hydro- 
chloric acid is most frequently employed, in order to ascertain whether the 
minerals effervesce; that is, whether they contain carbonic acid, which 
escapes as gas when the mineral is treated with this acid. 

24. We have now made ourselves acquamted with all the preliminary 
knowledge required to enable us to proceed to describe Minerals. It must, 
however, be remarked, that of all sciences there is none in' which mere 
description has been found so inadequate as in Mineralogy. In this science 
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personal observation is absolutely necessary. The object proposed is not a 
purely theoretical knowledge of minerals, but a practical acquaintance with 
them, which is only attainable through the medium of our senses. 

It is, therefore, advisable that the student who intends to engage in the 
pursuit of Mineralogy should avail himself of those minerals which are 
famished by the country in which he is living. Even the poorest districts 
have*Some minerals, and the examination of these will aid him in forming a 
conception of others. It is by no means difficult to obtain gradually the 
most important minerals by exchange or purchase, and thus to form a small 
collection. Small systematib collections of specimens of minerals can now be 
purchased for a triffing sum. In all institutions where this branch of natural 
science is embraced in the course of study, it is necessary above all things to 
excite an interest for the science by the aid of a collection of the most im- 
portant minerals. In the study of natural history, the best description may 
be considered merely as a crutch, which is cast aside as soon as the student 
has an opportunity of inspecting the objects personally. 

^ Classification of Minerals. 

25. A mineral which may be distinguished from all others by its peculiar 
chemical composition and its properties is acknowledged as a distinct Species, 
The number of minerals thus established is very great, and is still increasing. 

Minerals may be arranged according to various systems. Either their 
form is principally considered, and they are then arranged according to the 
systems of crystals, or their arrangement is based upon their density and 
hardness. Since, however, it has been more clearly shown that all these 
properties are dependent on the chemical constitution of the minerals, the 
latter has become the principal guide to their arrangement. In this classi- 
fication particular regard is paid to that constituent which either predomi- 
nates in quantity, or in its particular character, and which therefore furnishes 
the name for the group. The order of succession of the minerals in this 
arrangement is nearly the same as that of the elements and their compoiinds 
in Chemistry, although gaps are found to exist here and there in the sysito., 

Theacquirementofaknowledgeof Chemistry is of course presupposed; bythat 
knowledge a number of difficulties will vanish which would render the study of 
Mineralogy, according to outward characteristics alone, exceedingly laborious. 

26. The nomenclature of minerals has been formed gradually, without any 
scientific basis, and is consequently imperfect. The names of genera and 
species are derived from many sources; as,, for example, firom popular or 
vulgar names, from the locality where they were first noticed, and irom the 
names of celebrated naturalists ; but few names have been derived from the 
properties and chemical constituents of the minerals. An alteration in the 
nomenclature cannot, however, be effected without giving rise to the greatest 
confusion ; therefore the old names are retained as a matter of convenience, 
just as, in Chemistry, the names water and potash are still employed, instead 
of the more systematic names of oinde of hydrogen and oxide of potassium. 

4. DESCRIPTION OF MINERALS. 

27. A considerable space would be required for the description of all the 
minerals that are now ^own. We must therefore content ourselves* with 
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describing the most important, and even these only briefly. A sufficiently 
detailed account has been given in the chemical section of this work, of 
several, as, for instance, of the different kinds of coal : of these, therefore, 
the mere enumeration will suffice. 

Most of the simple minerals occur in comparatively small quantities, 
though some which are aggregated in large masses form a considerable por- 
tion of the earth’s crust. These will be referred to in the chapter on Rocks. 

In the following descriptions, H. signifies the hardness, and Sp. Gr. the 
specific gravity of the minerals : — 


Synoptical Table of Minerals. 


1st Glass. 
Metalloids. 

2d Glass. 

Metals. 

3d Class. 

Organic Compounds. 


Ist Order. 

Light Metals. 

2d Order. 

Heavy Metals. 


Oroup. 

Group. 

Group. 

Group. 

1. Sulphur. 

5. Potassium. 

13. Iron. 

29. Salts. 

2. Boron. 

6. Sodium. 

14. Manganese. 

30. Earthy resins. 

3. Carbon. 

7. Ammonium. 

16. Cobalt. 

4. Silicium. 

8. Calcium. 

9. Barium. 

10. Strontium. 

11. Magnesium. 

12. Aluminum. 

16. Nickel. 

17. Copper. 

18. Bismuth. 

19. Lead. 

20. Tin. 

21. Zinc. 

22. Chromium. 

23. Antimony. 

24. Arsenic. 

26. Mercury. 

26. Silver. 

27. Gold. 

28. Platinum. 



FIRST CLASS.— MINERALS OF THE I^IETALLOIDS. 

1st Group— sulphur. 

28. The primary form of crystallised sulphur is the rhombic octohedron 
occurring with various truncations of the edges and angles (figs. 23, 24). 

Sulphur occurs also frequently in 
the crystalline or granular, and the 
earthy state, and less frequently in 
the fibrous condition. Its cleavage 
is imperfect ; its fracture conchoidal 
and uneven ; H z= 1*5 to 2-5 ; it is 
brittle and fragile; Sp. Gr. = 1*9 
to 2T. The chemical properties 
of sulphur and its application have 
bee% described in the section 
Chemistry (§ 40.) 

The most important locality of 
sulphur is Sicily, where it is found 
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in the tertiary formations, associated with calcareous spar and celestine ; at 
Girgenti, Fiume, &c. The strata of earthy sulphur in Poland are likewise 
very considerable. In addition to these localities, there are many places in 
Germany and the rest of Europe, as also in other parts of the globe, where 
sulphur is found. But the sulphur derived from these sources is far less 
pure than the sulphur of Sicily. 

2d Group— boron. 

29. This element occurs rarely and only in combination with oxygen, as 
Boracic acid (BoOa-f HO), which crystallises in scales, and is found as a crust 
upon the surface of the e«arth in the neighbourhood of volcanic spiings. It 
is friable, of Sp. Gr. = 1*48, translucent, white, bitter and acid to the taste : 
it is easily fusible, and imparts a green colour to flame ; it is soluble in water 
and alcohol. Boracic acid is deposited at the margin and at the bottom of 
volcanic springs or lakes, particularly in those of Sasso (hence the name 
Sassolin), Castelnuovo, and others, in Tuscany. 

3d Group— carbon. 

30. (1.) Diamond . — This mineral occurs crystallised in regular octoliedroiis, 
or in some of the geometrically allied forms (figs. 25, 26, 27). It is‘]^bessed 



of the greatest hardness, which is = 10; Sp. Gr. =3*5 to 3*6; it is mostly 
cleavable, transparent, generally colourless, highly lustrous, refracts light 
very powerfully, and is the most valuable of all the precious stones. It 
occurs principally in alluvial soil and in rocks of secondary formation, in the 
East Indies (Golconda), and in Brazil. It has also lately been discovered in 
the sands of the rivers which have their sources in the Uralian mountains. 
1 carat ( = 4 grains) of small diamonds, employed for polishing the larger 
ones, for cutting glass, &c., costs from 205. to 25s. A polished diamond 
(brilliant) weighing 1 carat, is valued at from £8 to £10; the prices of 
diamonds increase to such an extent with their size, that a brilliant weighing 
5 carats may cost as much as from £150 to £250. 

(2.) Graphite (Plumbago) is found in tabular crystals, belonging to the 
hexagonal system, but generally it occurs in scales and small lamince. H = 
1 to 2 ; Sp. Gr. = 1*8 to 2*4 ; it is cleavable, steel-gray to black, imctuous 
to the touch, and produces a black streak. It is found embedded in various 
rocks at Passau, in Bavaria; the finest quality, however, is met with at 
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Borrowdale, ia Cumberlaud. The graphite from the former place is 
generally employed for crucibles and for blacking stoves, and that from tlie 
latter locality for the best black-lead pencils. 

(3.) Anthracite occui*s in large masses, having a conchoidal fracture. H 
= 2 to 2;5; Sp. Gr. =:1'4 to 1’7; it is grayish-black, and leaves but little 
ash when burned. It is found in strata, occasionally of very considerable 
thickness, in the primitive rocks ; as, for instance, in Wales and in the Hartz 
mountains. It is employed as a fuel for strong blast or wind furnaces, &c. 

CbaZ, brown-coal, and turf must be mentioned as varieties of carbon, since 
this element forms their chief constituent. Their most important characters 
and properties have already been detailed in § 165 of Chemistry. We shall, 
however, more minutely describe the nature of their stratification in the 
chapter on Geology. 

4th Group—SILICIUM. 

31. By the term silica the Mineralogist designates the compound Which 
chemists call silicic acid (SiOs, Chem. § 61). The number of sfiicebus 
minerals is exceedingly large ; silica, however, generally occurs in combina- 
tion with alumina, hence the greater number of silica compounds is mentioned 
in the alumina group. It may in general be remarked, that the hardness of 
the purer kinds of silica is very considerable, sometimes amounting to 8*5 ; 
hence it produces sparks when struck with steel, whilst its specific gravity 
rarely exceeds 4*5. It possesses mostly a vitreous lustre, its prevailing colour 
being white. Silica when chemically pure, or^j^ierely coloured by small 
quantities of different oxides, is termed quartz. 

Quartz Family. 

The ciystals of this family belong to the hexagonal system, and occur 
most frequently as double six-sided pyramids (fig, 18), but which are 
generally subjected to the modifications and irregularities spoken of in the 
article on Crystallography, and in part represented in the figures 28 to 31. 



Quartz also occurs frequently in crystalline, eompact, or granular masses. 
Its fracture is conchoidal; H = 7; Sp. Gr. =:2'5 to 2*8. It is either per- 
fectly transparent, or white ; it occurs likewise of all colours, and of every 
possible shade. It is insoluble in all acids, with the exception of hydrofluoric 
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acid (Chem, § 89) ; it yields with carbonate of soda, before the blowpipe, a 
transparent glass ; and when struck with steel it produces brilliant sparks. 
The following are the principal varieties of quartz : — 

(1.) Roch crystal (fig. 28), which is found in beautiful, transparent, six-sided 
prisms of considerable size, in the various primitive mountains, 'rhq crystals 
obtained from the caverns of St. Gotthardt are remarkably fine ; they have 
also been found of extraordinary size and purity in Madagascar, where blocks 
of from 15 to 20 feet in circumference occur. Eock crystal is employed in 
jewellery, and as a constituent of pure glass fluxes. It is often slightly 
coloured, and frequently contains various foreign minerals, either in sniiill 
scales 'or in other forms. 

(2.) Amethyst is quartz that is more or less intensely coloured by protoxide 
of manganese. It occurs rarely in perfectly formed crystals, but more fre- 
quently as crystals lining drusic cavities. It is often found in the cavities of 
porphyry and amygdaloid, and, as it is by no means a rare mineral, is exten- 
sively employed as a jewel of small value. The amethyst was worn by tlie 
ancients as a charm against drunkenness. 

(3.) Silica is called cmnmon quartz^ when it does not occur in regular 
crystals, but only crystalline, granular, and compact. In this state it is often 
found in considerable masses which arc called quartz roch ; it also forms 
with other minerals mixed rocks, of which granite offers a familiar example. 

It is very extensively dispersed over the surface of the earth. Its purer 
kinds are employed in the manufacture of glass, porcelain, &c. It is gen- 
erally white and translucent ; some varieties of it, altered in colour or other- 
wise, have received different names, as rose quartz ; the blue variety, siderite ; 
schiller-spar ; cats-eye, so called from its peciliar iridescence ; and avantunne, 
containing yellow and reddish laminae of mica, which render it a very beauti- 
ful and ornamental stone. 

(4.) Calcedony is an opaque kind of quartz, occurring in spherical, botry- 
oidal, and nodular masses, possessing the most varied colours and curious 
markings. It is employed extensively for making snuff-boxes, buttons, 
marbles, «&:c. Eed or yellow-coloured calcedony is called camehan^ and the 
green-coloured, chysoprase; both are much prized for seals, and other raised 
and engraved ornamental works of art. 

( 5.) Flint, the properties of which are well known, is found in large 
irregular masses, in many parts of England and about Paris. Its application 
as a promethean apparatus has diminished considerably since the invention 
of lucifer-matches and percussion-caps. It is extensively used in potteries. 

(6.) Homstem is a variety of quartz somewhat similar to flint, but has a 
more splintery fracture, and bears a remarkable resemblance to horn. 

(7.) Jasper is opatiue, dull, and only slightly lustrous, on a6count of the 
larger amount of ^umina and oxide of iron which it contains. It occurs of 
all colours ; but red, yellow, and brown are most frequent. 

(8.) Siliceous slate is a mineral consisting of quartz, alumina, lime, and 
sesquioxide of iron, coloured black by carbon ; it is employed as a whet- 
stone and touch-stone (Chem. § 107). 

(9.) Agate is, generally speaking, a beautifully-marked mineral, consisting 
of a mixture of various kinds of quartz, particularly of amethyst, calcedony, 
and jasper. It is extensively employed by lapidaries for making a variety 
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of ornamental objects, and also for mortars, which are employed for pulver- 
ising very hard substances. 

Opal. 

32. This mineral is a particular variety of quartz, containing water in 
chemical combination. It does not occur crystallised, but mostly in compact 
vitreous masses, and is distinguished by the brilliant and changeable reflec- 
tions of light exhibited by some of its varieties ; whence the term opalescent 
is derived. Nohh opal possesses this property in a very high degree, and is 
therefore much prized as a jewel. Semi-opal^ or commm opal^ is less remark- 
able for its changes of colour. Hydrophane is a mineral, possessing the 
peculiar property of becoming transparent and iridescent only when mois- 
tened with water. 

SiliceoiLS sinter and mountain meal are hkewise varieties of quartz, containing 
water ; the former is deposited in a variety of forms by hot springs, partiou^ 
larly by the Geyser of Iceland. The latter is an earthy deposit from siliceous 
waters, and, when examined under the microscope, is found to consist almost 
entirely of the shells of infusoria. Another kind is called polishing slate^ and 
is employed by lapidaries for polishing stones. 

SECOND CLASS.— MINERALS CONTAINING METALS. 

FIRST ORDER— LIGHT METALS. 

6tii Group— potassium. 

33. The most important and indeed the greater number of minerals con- 
taining potassium likewise contains alumina as an essential constituent : we 
shall therefore describe them in the aluminous group. Of natural potassa 
salts, we have only to mention the nitrate and the sulphate of potassa. 

Nitrate of potassa^ or nitre (KOjNO^), crystallises in regular rhombic prisms, 
but it is found, in many localities, in tibe form of crusts of acicular and 
capillary crystals (comp. Chem. § 69). 

Sulphate of potassa (K0,S03) belongs to the same crystalline system, and 
is found occasionally in volcanic lavas. 

6tii Group — SODIUM. 

34. (1.) Nitrate of soda (Na0,N03) crystallises in the hexagonal system as 
obtuse rhombohedrons, and occurs, in crystalline masses of considerable 
magnitude ; which, in the districts of.Atakama and Tarapaca, in Peru, extend 
over a space of nearly 200 miles. 

(2.) Rock-salt^ chloride of sodium (NaCl), crystallises in the cubical system ; 
it generally occurs, however, in tabular crystalline niasses, and is easily 
cleavable in a direction parallel to the planes of the primary form j its fracture 
is conchoidal, H=:2; Sp. 6r.r=2*2 to 2*3; its colour is generally white, 
but it is also found of a red, green, yellow, and blue colour ; its chemical 
properties and its applications are detailed in Chemistry §72. Rock-salt 
occurs in secondary Rocks, in masses of considerable magnitude, often in 
company with gypsum, alumina, and saline clay. The salt-works of Cheshire, 
of Hallein in Saltzburg, and of Wielizka in Gallicia, are particularly 
celebrated : in the latter is found the decrepitating salt^ which dissolves in 
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water with a decrepitating noise and disengagement of ritiinerous hubbies of 
hydrogen gas. The gas is enclosed between the crystalline planes of the 
salt. A number of other minerals containing soda are found, but are of less 
importance than the foregoing. Of these may be mentioned anhydrous 
and hydrated sulphate of soda (Thenardite = NaOjSOj, and Glauberite = 
NaO,SOg+10HO); carbonate of soda, containing a large quantity of water 
(NaO,CO2+10HO), and another kind containing less water, cdled trona 
(2Na0,3C02+4H0), which occurs in the interior of Barbary in con- 
siderable quantities, as a crust on the earth, and is applicable to the same 
purposes as soda. 

IMorate of soda (NaO,2BoO3+10HO), as a mineral, is called borax or 
tinkaJ, and is found at the bottom and on the borders of a lake in Thibet. 

7tii Group—AMMONIA. 

35. Since the combinations of ammonia, as we have seen in § 78 of 
Chemistry, are of a volatile nature, they occur only in inconsiderable masses, 
though not unfrequently, in the mineral kingdom. They are met with 
principally as crystalline coatings or crusts; for instance, in cavities and the 
fissures of lava of active volcanoes, in brown-coal works, particularly in the 
neighbourhood of burning and speiifi' heaps of coals. 


8tii Group— calcium. 


36. This metal forms an extensive group of minerals, which possess a low 
degree of hardne^ and density, and are generally of a pure white colour. 
The most remarkable arc — 


(1.) Fluorspar (CaFl), which crystallises i.i various forms of the regular 
system, but most frequently as cubes. It is perfectly cleavable ; its fracture 
is conchoidal; H = 4; Sp. Gr. = 3*1 to 3*17 ; it is transparent and partly 
translucent; it seldom occurs white, being generally tinted faintly violet, 
green, yellow, &c. In reference to its chemical properties, sec Chemistry, 
§ 39. Fluorspar is a mineral of frequent occurrence, though never in con- 
siderable masses. The same mineral occurs amorphous, as compact fluor and 
as earthy Jiuor. 

(2.) Anhydrite (Ca0,S03), or anhydrous sulphate of lime, is found generally 
in the neighbourhood of gypsum and rock-sdt. It occurs crystallised, and 


also in radiated, granular, and compact masses. 

(3.) Gypsum (Ca0,S03+2H0), or hydrated sulphate of lime, occurs most 
frequently in tabular crystals, which may be cleaved into very thin laminse ; 
they belong to the system of the fourth primary form (fig. 16);, 

H = 2 ; Sp. Gr. = 2 = 2*4. It frequently occurs in double or 
twin crystals, of the form represented in fig, 32. It is possessed 
of double refractive power, vitreous lustre, and generdly has a 
white colour. This kind of gypsum is called selenite ; there 
are, besides, other varieties, viz., fibrous gypsum ; compact or 
granular gypsum, which is called alabaster^ and earthy gypsum. 

Kegarding its application, see Chemistry, § 81. 

(4.) Apatite^ sometimes called asparagus-stone, on^count 
of its beautiful pale green colour, consists of phosphate of 
lime, fluoride and chloride of calcium. It crystallises in the 3?. 
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hexagonal system, often like fig. 41, and is frequently embedded in various 
kinds of rocks. 

' (5.) Pharmacolite is arseniate of lime (=CaO, AsO^). 


(6.) Carbonate of Limb (CaO,COa). 

37. This mineral exhibits the remarkable peculiarity of crystallising in 
forms belonging to two different systems; hence its varieties form two 
families, namely, those of Calcareous spar and of Arragonite. 

(1.) Calcareous spar crystallises in the hexagonal system, and more par - 
ticularly in modifications of the rhombohedron (fig. 22). These modifica- 
tions, however, are so exceedingly numerous, that 700 different forms havt* 
already been observed. Figures 33 to 39 represent some of the chief forms 



of carbonate of lime, which we shall briefly describe, as they give much 
insight into the mysteries of crystallography. Fig. 33, r shows the planes 
of the primitive rhombohedron (obtainable from a// the crystals of calcareous 
spar by cleavage), combined with rj, a more obtuse rhombohedron, and ?’2, 
a more acute rhombohedron. In tig. 34, the primary rhombohedron, r, is 
almost entirely obliterated by the large planes of the obtuse rhombohedron, 
ri. In fig. 35 we have a regular six-sided prism, such as forms life middle 



36. 3?. 38. 3y. 

portion of the crystal represented by fig. 19. Fig. 36 represents small faces 
of the primitive rhombohedron, r, combined with a predominant and very 
acute rhombohedron, r4. In fig. 37 we have the obtuse rhombohedron, rj, 
terminating a regular six-sided prism, g (fig. 35), and in fig. 38 the inverse, 
but equal* six-sided pifsm, o, terminated by the regular rhombohedron, r. 
Crystals of all these forms are readily procured among the minerals of 
Cumberland and Derbyshire. 
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Fortunately the other properties 'of calcareous spar are such as to admit 
of its easy recognition. It is very easily cleavable into the primitive rhom- 
bohedron (fig. 20), and into tables such as shown by fig. 45. It has a 
conchoidaJ, splintery, and uneven fracture; H =3 ; Sp. Gr. ==2*6 to 2-17 ; 
it becomes electric by friction, is soluble in the mineral acids with evolution 
of carbonic acid, and is converted by exposure to a red heat, into caustic 
lime (Chemistry, § 79). Its varieties are : — 

(a.) Crystallisea calcareous spar^ called also double refracting spar, because 
it is possessed of double refractive power in a high degree (§ 14). It most 
generally forms tabular, transparent, colourless crystals of vitreous lustre, 
frequently occurring in all varieties of formations, particularly in drusic 
cavities. The double refracting spar found in Iceland is celebrated for its 
beauty, (b,) Fibrous limestone, which occurs principally in stalactitic forma- 
tions, in the cavities of chalk-hills, (c.^ Marble, or granular carbonate of 
lime, which is most esteemed when it is perfectly white, fine-grained, com- 
pact, and firee firom coloured veins. It is employed in that state by sculptors 
lor their most beautiful productions. The most celebrated marble quarries 
are those of Carara, in Italy, and of Paros, in Greece. Coloured marble, 
frequently containing variegated spots and veins, is much more common ; it 
is employed for pedestals, columns, &c. : it is one of the most beautiful 
building materials, and is often imitated by coloured and polished gypsum 
(stucco), (c?.) Schiefer-spar, (e.) Aphrite, or earth-foam, (f.) Compact 
linaestone, in which no crystalline structure is perceptible, and which gener- 
ally occurs in large masses, forming entire limestone hills. It is found in all 
later mountain formations, in the most varied forms and colours, as stinkstone, 
marl, oolite (Roestone), calcareous tufa, &c. (g.) Chalk, well known as the 

fine earthy white writing material, occurring in masses in the tertiary forma- 
tions, particularly in England and in France (Champaigne). 

(2.) Arragonite, the crystals of which belong to the rhombic system 
(fig. 13), and generally occur as rhombic prisms. The crystals are. some- 
times isolated, and often grown together, groups being thus frequently pro- 
duced, which have the appearance of hexagonal prisms. Arragonite is 
cleavable ; its fracture is conchoidal and uneven ; H = 3 to 4 ; Sp. Gr. = 
2*9 to 3; it is transparent, vitreous, and colourless. It is not unfrequently 
found in the vesicular cavities of basalt and other rocks. It occurs in group.s 
of hexagonal prisms in Arragon, whence its name is derived. Besides 
crystallised arragonite, we also find radiated and fibrous arragonite. 

9th Group— barium. ^ 

38. (1.) Heavy spar, or sulphate of baryta (BaO, SO3), crystallises in 
rhombic prisms, of which about 73 modifications have been observed ; fig. 
40 represents one of the tabular forms in which 
this mineral crystallises. It is perfectly cleavable, 
and exhibits an imperfect conclioidsd fracture; 

Hr=3 to 3*5; Sp. Gr. = 4*3 to 4*58, whereby 
it is easily distinguishable from similar spa- • 
thic minerals. It is transparent, and possesses 
double refractive power and vitreous lustre; it 40 . 
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imparts a green colour to the blowpipe flame. A piece of heavy spar, when 
heated or ignited, will remain luminous in the dark for some time after- 
wards. 

Crystallised heavy spar is of frequent occurrence in mineral veins. It is 
employed as a white paint, and is used to adulterate white-lead (Chemistry, 

§ 83). Heavy spar also occurs in radiated, flbrous, granular, compact, and 
earthy modifications. 

(2.) Witherite^ or carbonate of baryta (Ba0,C02), crystallises in regular 
rhombic prisms, and is principally found in this country. It is employed as 
the source of many of the other compounds of baryta ; as, for instance, of 
chloride of barium, nitrate of baryta, &c. 

10th Group— strontium. 

39. (1.) Celestine^ or sulphate of strontia (Sr0,S03), crystallises in the 
rhombic system (fig. 18), the rhombic prism being the prevailing form. Its 
cleavage is perfect; its fracture conchoidal or uneven; H 1=3 to 3*5; Sp. 
Oft = 3*8 to 3*96 ; it is transparent, double, refractive, colourless or white, 
of vitreous lustre, and imparts a crimson colour to the flame of the blowpipe. 
It does not occur very ‘frequently. The varieties of this mineral are: — 
celestim-sparj radiaied ceUstine^ and fibrous celestine^ which has a blue tint, 
and is found at Jena; and compact celesiine^ which contains from 8 to 9 per 
cent, of carbonate of lime. These minerals are employed for the preparation 
of strontia-salts (Chemistry, § 84). 

(2.) Strontianite, or carbonate of strontia (Sr0,C02), is of less frequent 
occurrence than the preceding mineral ; it crystallises in the sa^e system. 

11th Group— MAGNP2SIUM. 

40. This metal forms a rather larger group of minerals than the preceding 
metals. Amongst them may be mentioned periclase, which is nearly pure 
magnesia (MgO) ; hydrate of magnesia (MgO,HO) ; horoxnte, or phosphate 
of magnesia; and hydrohoradte^ containing, besides the latter substance, 
phosphate of lime and water. All these minerals occur but rarely, and in 
inconsiderable masses. Sulphate of rmgnesia (Mg0,S03), Is of more frequent 
occurrence ; but, on a.ccount of its solubility, is only found as thin crusts or films 
of crystalline fibres in the clefts of rocks. In the Siberian steppes, however, 
whole districts are found covered with this and other magnesian sdts. It is 
contmned in large quantities in magnesian mineral waters, particularly in 
those of Epsom, Seidlitz, Eger, and SeidschUtz. 

. ^ Magnesite (carbonate of magnesia (Mg0,C02) ) occurs either crystallised, as 
magnesite ^ar (talc-spar), or as compact magnesite. The former crystallises 
in the hexagonal system, and is found in the form of obtuse rhombohedrons ; 
H=4 ; Sp. Gr, = 3. The magnesian limestone, consisting of lime, magnesia, 
and carbonic acid (Ca0,C02+Mg0,C02), is a mineral occurring in large 
masses. Its crystalline variety is called hitter spar, and sometimes brown 
^ar. It occurs in obtuse rhombohedrons, nearly resembling fig. 20, which 
areeasilycleavable, and of conchoidal firacture; H = 3*5 to 4; Sp. Gr. = 2*8 
to 3. it is semi-transparent, has a vitreous lustre, and is white, or frequently 
coloured yellow or brown by the presence of iron or manganese. It is 
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principally found in clefts and cavities of the granular magnesio-calcite, 
which is called Dolomite, The white crystalline variety of Dolomite resembles 
marble, the coloured kinds are like common varieties of limestone ; and as 
it occurs in large masses, it is employed for similar purposes. 

The combinations of magnesia with silicic acid, form a particular class of 
minerals, of which Talc is a prominent member. This mineral contains 62 
per cent, of silicic acid, 30 per cent, of magnesia, and occurs principally as 
aggregates of imperfect crystals. It is smooth and unctuous to the touch, 
is very soft, and is white or faintly coloured. It is found in quantities as 
taJcous slate. A variety of this mineral, called pot-stone, which may be cut 
and turned, is employed for the manufacture of various vessels. Besides the 
above, we shall mention, in connection with magnesia, the serpentine and 
augite minerals, which may be grouped into families, 

1st Fat^oly — Serpentine. 

41. This class comprises soft minerals, which may be cut with a knife, 
their hardness rarely exceeding 2*3. They do not occur in crystals, but are 
mostly opaque, difficultly fusible, and but slightly lustrous. They principally 
consist of magnesia and silicic acid, generally coloured by oxide of iron. To 
this family belongs the unctuous Steatite, which is employed for removing 
grease-spots, or as a soft polishing powder, and for the manufacture of a 
great variety of objects of art; soap-stone and the well-known meerschaum, 
which is used for the manufacture of tobacco-pipes, are also members of this 
family. Serpentine, which is called ophite, or snake-stone, on account of its 
green-spotted appearance, resembling the skin of a snake, forms compact 
masses of granular fracture, occurring as rocks. Its hardness is 3 ; it is employed 
for the manufacture of a number of objects, particularly columns, boxes, 
mixing-mortars for chemists and druggists, &c. There is, moreover, a large 
number of minerals resembling serpentine, which may be classed in this family. 

2d Family — Augites. 

12. These minerals possess a hardness between 4*5 and 7, and a specific 
gravity of 2*8 to 3*5. Their prevailing colours are dark green and black ; they 
are fusible before the blowpipe. Their principal constitu- 
ents are silica and magnesia, but some of them also contain 
considerable quantities of other oxides, such as sesquioxide 
of iron and dumina, which render it dffiicult to classify 
tliese minerals according to their chemical constituents. 

The augites occur in peculiar crykalline forms, and not 
unfrequently in considerable masses. They are also con- 
tained in many varieties of rocks, such as lava, basalt, &c. 

The most important members of this family are augite and 
hornblende, of which the vjirious kinds are again dis- 
tinguished by different names. 

Augite crystallises in prisms belonging to the fourth ^ 1 . 

system ; fig. 41 represents one of its usual forms ; its 
different varieties occur principally in volcanic formations and their vicinities. 
The most important are — diopside, diallage, hronzite, hyperstJtene, and koholite. 




314 


mNEBALOGT. 


Horriblende belongs to the same crystalline system as the preceding 
tnineral, with which it likewise exhibits similarity in its chemical composition 
and colour. Asbestos^ amianthos^ and rrmintain cork^ must be considered as 
varieties of hornblende ; they crystallise in exceedingly fine needles. The 
most pliable kinds of asbestos are mixed with fiax and woven into stuffs and 
cloths, from which the flax is afterwards removed by simple ignition ; and 
thus incombustible cloths are prepared, which may be worn in cases of danger 
from fire. The dead bodies of the rich were, in ancient times, enveloped in 
such garments, and then burned ; by which means their ashes were preserved. 

12th Group— aluminum. 

43. Tliis group is exceedingly large and numerous, and must therefore be 
subdivided into families. Of these minerals’ there are only a few in which 
alumina, or sesquioxide of aluminum, in its uncombined state occurs, as the 
chief constituent. But the combinations of this base with silicic acid forms 
the principal constituent of many minerals, and the large quantity of silicic 
acid contained in these minerals, frequently renders it doubtful whether they 
should be classed among the silicious or among the aluminous group. This 
class contains a large number of minerals, which are important to the a^fcs and 
to agriculture ; it likewise includes the most precious jewels, next in value 
to the diamond. 

1st Family — Corundums. 

44. These minerals, consisting of pure alumina (AI 2 O 3 ), occur in various 
forms. ( 1 .) The crystallised variety is sapphire^ which is found in various 
modifications of the hexagonal system. It is cleavable, and of conchoidal 
fracture.; Sp. Gr. = 4 ; H. = 9 ; it is perfectly transparent, possesses a 
highly vitreous lustre, and beautiful blue colour ; it is, however, also found 
of a red, green, yellow, and white colour, the red variety, which is called ruby^ 
^being very highly prized. The above projperties render sapphire a very 

valuable gem : it occurs in small crystals in Germany, but the finest speci- 
mens are found in the East Indies, in diluvial soils and in the sand of rivers, 
which have their sources in. such formations. 

(2.) Common corundum is found in rough, scarcely translucent, dull, or dirty- 
coloured crystals, embedded in granitic rocks ; being possessed of great hard- 
ness, it is reduced to powder, and employed for cutting and polishing other 
precious stones. 

(3.) Emery occurs in compact or granular masses, which are found in 
Saxony, in Greece, and in other localities, embedded in mica-slate. It is 
but slightly lustrous, and has a bluish-gray colour. Its powder is frequently 
employed for cutting and polishing. 

2d Family — Alums. 

45. (1.) Alummte (AI 2 O 3 SOS+ 9 HO) is basic sulphate of alumina, and is 
found in small quantities as a white earthy mass. ( 2 .) Sulphate of alumina 
(AI 2 O 8 . 3 SOS + 18HO), termed also feather-alum, occurs in fibrous crystal- 
line crusts, or in porous and compact masses. (3.) Ahm-sUmBy consisting 
of alumina, potassa, and sulphuric acid, crystallises in the hexagonal system 
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as rhombohedrons, and is found chiefly in the vicinity of Rome, where 
it is employed for the preparation of Roman alum ; which, as it contains no 
iron in chemical combination, was for a long time highly prized, until the 
progress of Chemistry made us acquainted with other methods of preparing 
alum free from iron. (4.) A lum (KOjSOs + AI2O3, 3SO3 + 24HO), with 
which we have become acquainted in the section Chemistry, § 87, occurs 
likewise in Nature, crystallised in regular octohedrons. It is an interesting 
fact, that various minerals exist which have a composition corresponding to 
that of alum, in which the potassa is replaced by other bases, without the 
form of the crystal being in the least altered Thus we are acquainted with : — 

Potassa-alum = KOjSOj + Al203,3S03 -f- 24HO. 

Soda-alum = Na0,S03 + A^CajSSOs + 24IIO. 

Ammonia-alum = NH40,S03 -f Al203,3S0s -f 24HO. 

Manganese-alum = MnOjSOg + AlgOajSSOg 4- 24HO. 

a series of compounds, the formulm of which present the greatest similarity. 
Such compounds as the above, containing diflerent constituents, but crystal- 
lising in the same form, arc termed isomorphous, that is, of similar form ; we 
shall meet with several other examples of isomorphism as we proceed. 

Phosphate of alumina is likewise found in the crystalline form, and is 
called Wdvellite. 

3d Family — Spinels. 

46. These minerals are combinations of alumina and magnesia, and are 
represented by the formula Mg0,Al203, in which the alumina occupies the 
place of an acid. They crystallise in regular octohedrons and in modifications 
of this form ; they are distinguished by their hardness (II. = 8 ; Sp. Gr. = 3*8), 
lustre, and transparency, and are prized as valuable gems. Various kinds of 
spinel are distinguished by the colour : the scarlet variety, which is called 
spinel ruhy^ is the most highly prized ; it occurs chiefly in the East Indies. 
Besides this variety, we are acquainted with blue, green, and black spinels. 

4Tn Faihily — ^Zeolites. 

47. The Zeolites^ or boiling stones^ so called on account of their containing 
water, with which they part with intumescence^ when heated before the blow- 
pipe, are mostly white, vitreous, and transparent ; they possess a hardness of 
3*5 to 6*5, and a specific gravity of from 2 to 3. Their principal constituents 
are silica and alumina. Although these minerals are interesting on account 
of their chemical composition, and particularly the variety and peculiarity of 
their crystalline forms, there is no member of the family that is of any im- 
portance with regard to frequency of occurrence or technical application. 
We must confine ourselves to mentioning a few of the best known zeolites, 
such as analcim^ harmotomej or cross-stone, so called from the crystals cross- 
ing each other at right angles, stilJbite^ cJiabasitej mesotype ; and those con- 
taiiiing soda, namely, mtroliU^ prehnitc^ Thomonitej &c. 

5th Family — Clays. 

48. By the term clay is understood a chemical combination of silica with 
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alumina (A] 20 a)Si 03 ), as has already been mentioned in Chemistry, § 87. 
Th^ minco^ of wliiich day is the principal constituent are either crystallised, 
possessing a hardness of about 7*5, transparent, and of vitreous lustre, 
or they are compact or earthy. All varieties of clay are difficultly fusible 
or perfectly invisible before the blowpipe. The more remarkable are: — 

(l.) Andodusite^ which occurs in re^ar rhombic prisms : 11. = 7*5 ; Sp. Gr. 
to 8*2 : it is infusible and generally flesh-coloured. (2.) Chiastolitej 
so called 'in consequence of a peculiar combination of each four crystals, 
tile section of them exhibiting a mark similar to the Greek letter chi (X). 
(8.) DisAme, which crystallises in prisms, belonging to the 4th system ; it 
acquries a bluish luminosity when gently heated ; H. = 5 to 7 ; Sp. Gr. =z 
3*5 to 3*6. 

The following are earthy clays, coloured red, or brown by sesqui- 

oxide of iron or its hydrate: Icllotv ochre^ which it. used as a colour, 
Tripoli^ employed for po’’shing. Boky or Lomnian earth, is a red clay, 
unctuous to the touch, and adheres to the tongue * it was formerly used in 
medicine, and is now employed as a colon.., particularly for earthen utensils. 
Terra de Sienna is a brown clay, employed .s a colour by artists and printers. 
LHhomarge occurs iu Assures of various rocks. 

The most valuable of all clays is the porcelain earthy or Kaolin, (SAlgOj, 
dSiOs, + 6HO,) which, as will be shown hereafter, consists of disintegrated 
felsparj and forms large earthy masses, which are white, or only faintly tinted, 
and perfectly free from iron. This valuable material, which is used in the 
manufacture of porcelain, is found, though not frequently, in layers in granite 
and other rocks. Superior kinds are obtained from Cornwall, Schneeberg, 
Meissen in Saxony, Passau, Carlsbad, Limoges in France, and from many 
other places. That this earth is found in China and Japan is pro\ ed by the 
importation of the first porcelain froti* these empires, and also by the name 
Kmlin which has there been given to this mineral. 

49. Common clay is of far more importance to the greater number of 
^ ^mankind than even porcelain earth. When somewhat similar to the latter it 
is called porcelain clay ; or if it is white, pipe clay ; Potters’ clay, if coloured 
and of coarser quality. All clays are unctuous to the touch and adhere to 
the tongue, since they absorb and| irelain water with great avidity. They 
absorb fat and oil still more powerfulljiK^ and are hence employed for removing 
grease spots. Clay is also possessed of a peculiar odour, which arises from 
its property of absorbing ammonia from the atmosphere. Clay is infusible, 
^d blocks of burnt clay are therefore employed, under the name of fire 
bricks, for building structures which are to sustain a high temperature, such 
as porcelsun furnaces, blast furnaces, glass furnaces, &c. Earthy clay is 
employed for the manufacture of various kinds of pottery (Chemistry, § 88). 
By the admixture of lime clay loses its peculiar properties, particularly its 
iimsibility ; it then passes into marl and loam. 

Jjk concluding our description of this family, mention must be made of 
agaiknaiotU^ a ^y-stone, out of which the Chinese carve their idols, which, 
boweTer, give us anything but a sublime conception of a deity. 

6th FAMmT— F blspabs. 

6% tavoSe epar is yexj old, and was probi^bly chosen to indicate a 
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cleavable crystallised mineral. The minerals of this class,bear a great simi^ 
larity in their composition to the zeolites, if the water contained in the latter 
be disregarded. Their hardness reaches to 7, their specific gravity to 8'8. 
They are mostly possessed of vitreous lustre, are generally coloured, and 
difficultly fusible before the blowpipe. The most remarkable are as follow: — 

(1.) jPeZsj^ar (KOjSiOs-f AlgOsjSSiOs), ’ 

which crystallises in prisms of a great 
variety of forms, belonging to the oblique 
rhombic system of crystallisation (fig. 

14). Figs. 42 and 43 represent two of its 
usual crystals. It is perfectly cleavable, 
and has an uneven fracture ; H. = 6 ; 

Sp. (xr. 2*0 ; it is transparent, of 
viti’eous lustre, white or flesh-coloured, 
and occasionally green. It occurs in 
aggregations of well-defined crystals, as 
also in large crystalline masses. It is 
found most frequently as a constituent 
of various kinds of rocks, particularly 
of granite, gneiss, and syenite, which 
renders it of particular importance. A 
bluish- green felspar, of peculiar internal nacreous lustre, is termed adularia^ 
or moomtone. The amorphous compact felspar is called felspar rock or 
fekite. This forms likewise a principal constituent of several rocks. 

(2.) Alhite (NaO,SiO;,-f AlaOsjBSiOs) is felspar, containing soda instead of 
potassa. It is likewise an important constituent of many rocks. Spodum&n^ 
or oligoklase, is similar in composition. Ldbradorite is r(?markable for its opa- 
line reflections, of a blue, green, yellow, oi red hue, somewhat resembling the 
colours observed on the breasts of pigeons and on many butterflies. Besides 
these varieties, we may mention anorthite^ Uucite^ nepheline^ sodalitCy and hmyn^, 

(3.) Lazulite^ or Lapis-lazuli^ is distinguished by its magnificent bllESfc* 
colour. It is found in Siberia, Thibet, and China, and is extensively employed 
in jewellery for ornamental works ; when ground it is also used as a beautiful 
pigment, under the name of ultramarine. Since, however, chemists have 
become accurately acquainted with the constitution of this mineral, they 
have succeeded in preparing the above colour artificially. (Chemistry, § 89.) 

The following minerals appear to be mixtures of silicic acid and felspar, 
which have become fused together, by a high temperature, to vitreous, slagj^, 
or spongy masses. Obsidian occurs, in black, blue, or greenish-black yitreottis 
masses, and is employed for the manufacture of ornaments, such as' boaD^ 
buttons, «&c. The South Americans employ this mineral for the mauufactura 
of knives, weapons, i&c. Pumice-stone^ which is found in stream-like layers in 
the vicinity of volcanos, is very porous, fibrous,*^ and vitreous, and is employ^ 
as is well known, for cutting and polishing, pa^cularly soito objects, since its 
hardness is only =4*5. Pearhtom and pitchstom likewise belong to this ikmily; 

7th FAMZLr^GABNBTS. 

51. This family embraces minerals of remmrlcible 
they do not, however, occur in large quahtitaefl^ and 
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arts, excepting to jewellery. Their hardness varies from 5 to 7'5 ; their Sp. 
Gr. from 2 ’6 to 4*3. They are mostly coloured and fusible before the blow- 
pipe. Besides Wemmte and Axinite^ the latter remarkable for the peculiar 
form of its crystals, fig. 17, Tourmaline^ or schorl, is particularly worthy of 
mention. The latter crystallises in very complicated forms, which are derived 
from an obtuse rhombohedron of the hexagonal system. The usual forms 
are six-sided prisms, so much distorted as to resemble three-sided prisms, 
generally perfect only at one end. Its chemical composition cannot be well 
expressed by a formula ; it may, however, be remarked that in addition to 
alumina and silicic acid, boracic acid is one of its principal constituents. It is 
worthy of mention that a crystal of tourmaline, Avhen warmed, becomes 
negatively electric at one extremity and positively electric at the other. Tour- 
malines are found of all colours : the transparent green and brown crystals 
are employed in the in- 
vestigation of certain 
I)henomena of light. — 

It may be remarked of 
Staurolite that its crys- 
tals frequently occur in 
regularly-formed cross- 
es (fig. 44). — ^The best 
known mineral of this 
group is Garnet^ which 
crystallises in beautiful 
rhombic dodecahedrons 
(lig. 45), belonging to the regular system. It consists of silicate of alumina 
(lombincd with a silicate of another metallic oxide, the latter, however, is not 
always the same, hence we have a series of garnets, analogous to the alums 
(§ 45) closely corresponding in their physical characters, and many of them 
occurring together in the same mass. Garnets are imperfectly clcavable, 
their fracture is conchoidal, H. =6*5 to 7*5; 8p. Gr. =:3’5 to 4*2; they 
are mostly opaque, and occur of all colours. The beautiful deep red 
garnet [Prxeious garnet) is the most highly-prized variety, and is in great 
request for necklaces, earrings, &c. The greater numbei^ of garnets comes 
from the neighbourhood of Kulm in Bohemia, *and Epidote are 

other remarkable minerals which belong to this family. 

8th Family — Mica. 

52. The greater number of the minerals of this family is crystallised in 
small thin laminae, of pearly lustre. These laminae are very cleavable, pliable, 
and possessed of a low degree of hardness ; hence the varieties of mica are 
smooth and unctuous to the touch. Their chemical composition cannot be 
expressed by a formula : silica' and alumina are the prevailing constituents ; 
many of the varieties contain, however, a considerable quantity of magnesia. 
Mica is often colourless,but sometimes it is coloured,particu]arly green and black. 

Common or Potassa Mka is very largely distributed, particularly in various 
rocks — ^for instance, in granite, gneiss, and mica-slate, in which it is observ- 
able as lustrous laminsa. It occurs in Siberia in very large plates, which are 
employed instead of glass for windows. Of the various ^ds of mica we 
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may mention chlorite^ remarkable for its fine green colour, which it imparts also 
to those kinds of rocks of which it is a constituent, for instance, to chlorite elate, 
Lepidolite^ or Rose Mica, which contains lithia, belongs to this family. 

9th Family — Gems. 

53. This class embraces all minerals that possess properties which adapt 
them to the purposes of the jeweller — hardness, beauty of colour, brilliancy 
of lustre, rarity, &c. We have, already spoken of the diamond, the ruby, 
and the sapphire. The other minerab of this family have a Hardness of 
from 7*5 to 8*5, and a Sp. Gr. of from 2*8 to 4*6 : they are transparent, 
difficultly fusible or infusible, and are generally possessed of beautiful colours. 
Among them may be mentioned topaz^ which is generally of a fine yellow 
colour ; pale green, chnjsoheryl ; emerald^ remarkable for its beautiful green 
colour ; and z^rcon^ of which the hyacinth-coloured variety is most prized, 
and has received the name of hyacinth. The crystals of the two first-named 
minerals belong to the rhombic system, and those of the emerald to the 
hexagonal system. Fig. 35 is the usual natural form of the emerald. 

SECOND ORDER— HEAVY METALS. 

13th Group— iron. 

54, Iron forms a very important group of minerals, remarkable both for 
their great variety of form and for the large masses in which they occur. 
Their Sp. Gr. reaches to 8*0 ; the greater number is opaque and coloured, 
and possesses the hardness of quartz. They are attracted by the magnet, 
and yield, with borax, a dark red glass in the outer blowpipe ihime, and a 
bottle-green glass in the inner flame. Regarding their application to the 
extraction of iron, sufficient details Lave been given in the section Chemistry 
(§ 90). The most important minerals of this group are : — 

(1.) Native Iron^ occurs only rarely in layers or veins of inconsiderable thick- 
ness, or in grains and laminae. The most remarkable variety is the meteoric 
iron^ consisting of masses of native iron which have fallen from the atmos- 
phere, and which weigh from 171 to 3,000, or even 14,000 pounds. 
Mention may be made here of the metconc stones which contain, with few 
exceptions, native iron, besides other earthy constituents, such as augitc, 
hornblende, olivine, &c. 

(2.) Magnetic Iron (FeO -f- FcaOj), crystallises in regular octohe- 
drons (fig. 1), and often in macles (fig. 40). It is remarkable lor its 
magnetic properties : it also occurs in compact masses 
of considerable magnitude, forming entire mountain 
strata. It is one of the most highly-prized ores of 
iron, being used chiefly for the manufacture of steel. 

(3.) lied If'on Ore^ Sesquioxide of Iron (FegOa), 
Hed Ilcmatite, crystallises in the hexagonal system 
as a rhombohedron and its derivatives. It is pos- 
sessed of bright metallic lustre and red streak, and 
likewise yields a red powder. It occurs in various 
forms, as crystallised iron glame^ micaceous iron, 
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fibrous haBinatite (bloodstone), and also as compact, scaly, and earthy red iron- 
stone, the latter of which is also called red iron ochre. If it contains an admix- 
ture of clay, it is called in Germany clay ironstone ; but this is not the 
important ore that bears that name in Scotland. These minerals are impor- 
tant as iron ores, and are also employed in smaller quantities as polishing 
materials and as red paint. 

(4.) Brown Iron Ore (Hydrated Sesquioxide of Iron, Fe 203 -|- 2 II 0 ) does 
not occur in a distinctly crystalline form. The fibrous brown ironstone, 
however, consists of fine capillary crystals, radiating from a centre, and 
forming spherical and botryoidal masses. Besides this variety there is the 
compact and earthy brown ironstone, which, by containing clay, forms the 
transition member to the brown and yellow clay ironstones, of which we may 
mention the yellow ochre and umber, both used as colours. Pea iron ore, 
and Morass ore, the ironstone which is deposited in morasses, belong to this 
class ; the latter is less valuable for the extraction of iron than the foregoing. 

55. Iron occurs combined with sulphur in various proportions, and 
generally as fine crystallised minerals, of a brass-like lustre, which are called 
•pyrites. Of these wc may mention : — 

(5.) Magnetic Iron Pyrites (Fe 2 S 3 -\- 6 ¥ciS), 'which crystallises in six-sided 
prisms and is attracted by the magnet. 

(6.) Iron Pyrites (FeS^), crystallises in the regular system, particularly as 
a pentagonal dodecahedron (lig. 10) and its modifications ; its Hardness is zz 
6 to 6*5, hence it produces sparks when struck with steel. It occurs very 
plentifully, and sometimes in very fine laminae and grains, in coal, for 
instance, and yields protosulphate of iron when oxidised by exposure to the 
air, particularly in the presence of water (Chemistry, § 93). This salt occurs 
in the mineral kingdom under the name of Green Vitriol, 

The remaining ferruginous minerals, of which there is still a large number, 
are most of them of little importance with regard to the quantity in which 
they occur, and likewise in their applications : we will therefore only mention 
the most important: — Viviamte, or blue iron ore (phosphate of sesquioxide 
of iron) ; green ironstone, which is the same chemical compound, containing 
water of hydration, and then the series of combinations of arsenic with iron, 
called arsenical •pyrites, which possesses a white metallic lustre. Of the latter 
may be mentioned arsenical iron, scorodite^ pharmacosiderite, the arsenical 
pyrites containing sulphur, which is also termed misjyichel. 

Carbonate of Iron (Fc0,C02) occurs in larger quantities ; when crystallised 
it is called Spathic ironstone. It forms very obtuse rhombohedrons. This 
ore is admirably suited for the production of steel. It is also found in the 
fibrous form, and is then called sphesrosiderite. The Clay ironstone of the 
Scotch metallurgists consists of carbonate of iron, in combination with 
variable quantities of carbonate of lime, clay, &c. It is a mineral of great 
importance. 

The green earth, which is employed as a colour under the name of Vero 7 iese 
grem^ is silioato of scsquio^dclo of iron with lime and a little magnesia. 
Chrome iron (FeO+CraOs), which consists of sesquioxide of chromium and 
protoxide of iron, occurs generally in compact, granular, crystalline masses, 
and is important, as being the mineral from which the compounds of 
chromium are prepared (Chemistry, § 103). 
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Uth Group— manganese. 

56. This metal generally occurs as oxide ; in addition to its being the 
principal constituent of several minerals, it is found in many others in smaller 
quantities as their colouring matter. The fused minerals are generally 
coloured violet, whilst the massive minerals are usually brown or black. TLe 
most important varieties are : — 

Pyrolusite (Binoxide of Manganese, Mn02), which occurs crystallised in 
regular rhombic prisms, but is most geneially found in masses consisting of 
aggregates of acicular crystals. Its colour and streak are black ; its Ilard- 
ness is = 2 to 2*5; its Sp. Gr. = 4*9. The valuable application of this 
mineral to the preparation of chlorine has already been referred to (Che- 
mistry, § 35 and 94). 

Hausimmite. (Proto-sesquioxide of Manganese, ISInO + Mn 203 ), which 
crystallises in quadratic octohedrons, is brownish-black or black, produces a 
brownish-red streak, and occurs generally associated with pyrolusite. 

Braunite^ or Protoxide of Manganese, has the same crystalline form as haus- 
mannite ; its colour and streak are both dark brownish-black. The value of 
pyrolusite is naturally much decreased by an admixture of these two minerals; 
hence, in purchasing this mineral for practical purposes in the arts, particular 
attention must be paid to the colour and streak. 

Manganite (Hydrated Sesquioxido of Manganese) is of less importance in the 
arts. Sulphate of Manganese, or Prismatic Manganese Blende^ Silicate bf 
Manganese, Carbonate of Manganese, or Red Manganese, and many other 
minerals of this family, have not received any application in the arts. 

15th Grotj^ -cobalt. 

57. The minerals of this scarce metal are mostly sulphuretted or arsenical 
compounds. They are opaque and coloured, and yield a blue glass with 
borax before the blowpipe. The most important are : Sulphide of Cobalt 
(Cobalt Pyrites, CoaS,.,), possessing a white colour, a metallic lustre, and crys- 
tallising in regular octohedrons ; Arsenical Cohalt (Speiscobalt, C 0 AS 2 ), occur- 
ring in cubes, of a white colour, and metallic lustre, in the Erzgebirge in 
Saxony; Arsenical Cobalt Pyrites (CoAs^,); Cobalt Bloorn^ or hydrated 
arseniate of cobalt ; Cohaltine^ or white cobalt (CoS 2 ,CoAs 2 ), crystallising as 
pentagonal dodecahedrons, with metallic lustre, and pinkish colour; and, 
finally. Earthy Cobalt, occurring as compact earthy masses, of a black colour. 
The latter consists of a mixture of oxide of cobalt, with a considerable quan- 
tity of oxides of manganese, copper, and iron. All these minerals are 
employed for the extraction of cobalt, and especially for the preparation of 
the cobalt glass called Smalts (Chemistry, § 95). 

IGth Group — NICKEL. 

58. The minerals of this group are not of more frequent occurrence than 
those of the preceding group, and they usually occur under similar circum- 
stances. They also generally contain a small admixture of cobalt, sufficient 
to yield a blue glass with borax. The most important are : — 

Sulphide of Nickel (NiS) which occurs in capillary or acicular crystals ; 
Red Arsenical Nickel (Kupfer nickel NiAs), occurring but rarely crystdlised, 
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generally compact, dentritic, or botryoidal, and possessing a copper-red 
metallic lustre ; White Arsenical Nickd (NiAsg), of tin-wliite metallic lustre ; 
Nickel Ochre, or arseniate of Nickel; Nickel Glance, or white nickel ore 
(NiS 2 +NiAs 2 ) of gray metallic lustre. Nickel also occurs in combination 
with several metals; for instance, it is associated with antimony as anti- 
monial nickel (NiSb), and as antimoniel nickel pyrites (NiSo+NiSbg), with 
bismuth as bismuth, nickel pyrites, and with iron as nickel iron pyrites. 

All these minerals are but impure chemical compounds, containing always 
more or less iron, copper, cobalt, lead, &c. Nickel ores are employed for 
the extraction of nickel, which is extensively used in the manufacture of 
German silver. They are found in the Erzgebirge, and also at Riechelsdorf 
in Hesse. 

17 x 11 Gnoup— COPPER. 

59. This metal forms a large group of minerals, as it occurs not only in 
great masses, but also in the most manifold combinations. Only a com- 
paratively small number, however, are employed for the extraction of copper. 
The Hardness of the minerals of this group ranges from 2 to 4, and their Sp. 
Gr. to 6 ; they yield metallic copper before the blowpipe. The following 
are the most important : — 

(1.) Native Coppen', which seldom exhibits a crystalline form, but gener- 
ally occurs in peculiar arborescent or moss-like formations. It is frequently 
found in considerable masses, and is worked for copper. 

Red Oxide of Copper (suboxido of copper, CugO) crystallises very beautifully 
in distinct crystals of many forms of the octohedral system, namely, the cube 
(fig. 3), the octohedron (lig. 1), the rhombic dodecahedron (fig. 7), thetriak- 
isoctohedron (lig. 49), and in many combinations of these forms, as in fig. 
47, where the dodecahedron predominates over the octohedron, and fig. 48, 
where the octohedron predominates over the dodecahedron. Fig 2. also 
presents one of the numerous varieties of this mineral. 



Tliis mineral has a heautiful red colour, but it is generally coated with 

green. It yields very fine copper. Black oxide of copper is «>and only in 
very small quantities. 

Vitreous Copper (Sulphide of Copper, CuS) occurs in tabular rhombic 
prisms of blackish lead- gray metallic lustre, and is worked for copper. 

The soluble salts of copper produced in small quantities by the decom- 
position of other copper orife, particularly of sulphide of copper, are of little 
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importance. They are found principally in the neighbourhood of volcanos, 
from the fissures of which vapours issue containing hydrochloric and sul- 
phurous acids. Of these salts may be mentioned : sulphate of copper (blue 
vitriol CuOjSOs), various phosphates and arseniates of copper, chloride of 
copper, &c. 

The two following may be classed among the most beautiful productions 
of the mineral kingdom : — 

(1.) MakuMtCy or Carbonate of Copper (Cu0,C024'H0), which cr/stallisos 
in irregular rhombic prisms, generally uniting into fibrous radiating j^roups, 
possesses a fine emerald- green colour, and silky lustre. It also occurs in 
compact and eartliy masses, and is employed for ornamental purposes, and 
as a pigment ; whore it occurs in larger quantities, as in Australia, it is worked 
for copper. 

(2.) Blue Carbonate of Copper (azure copper ore) is carbonate of copper 
combined with hydrated oxide of copper, and occurs either in short prismatic 
or tabular crystals, or in irregular, compact, and earthy masses. This mineral 
is remarkable for its beautiful blue colour, and is hence employed as a 
pigment. The Silicate of Copper (3CuO,2SiOg), which is termed Chryso- 
colla, has a fine green colour. 

Another series is formed by those minerals in which copper exists in com- 
bination with other metals, and in which sulphur is usually a constituent. 
Of these we may mention Bismiithic Sulphide of Copper (needle ore), 
Antinionial Sulphide of Copper (Boumonite), Tin Pyrites and Purple 
Copper (Buntkupfererz). The last is a mixture of sulphides of copper and 
iron. It crystallises in regular octohedrons, and in the forms represented 
by figs. 3, 52, 2, 4, and 5. It has the lustre of brass, but generally presents 
the most beautiful variegations of blue and red. Copper Pyrites (CuS+FcS) 
crystallises in quadratic octohedrons, and bears much similarity to the last- 
mentioned mineral. It is the most abundant of all the ores of copper, anci, 
like the purple copper, is frequently smelted. 

In concluding our enumeration of copper minerals, we may mention Fahl 
Ore (gray copper ore), which crystallises in the 

■ regular tetrahedral system, but usually occurs in 
very complicated hcmihedral combinations, of which 
the modified tetrahedron (fig. 50) is one of the simplest. 
It possesses a gray metallic lustre : its principal con- 
stituents are copper, antimony, sulphur, and arsenic, 
with variable quantities of iron, zinc, and silver. 
Hence several varieties of this mineral are found. 
They are all worked for copper, and the richer spcci- 
50. mens also for silver, 

18th Group-BISMUTH. 

00. The minerals of this metal are of secondary importance with regard 
to their distribution and number. Some of the most important are : — Native 
Bismuth^ which occurs in regular octohedrons, possessing a reddish silvery 
lustre; H. =2 to 2*5; and Sp. Gr. =9*7; Bismuth Ochre^ or sesquioxide 
of bismuth (BijOg), occurs in company with the former, particularly in the 
mountains of Saxony ; Bisimthine^ or sesquisulphide of bismuth (BigSg), crystal- 
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lises in rhombic prisms, of a lead-gray metallic lustre. Bismuth Blende 
consists of silicate of bismuth, and possesses the highest specific gravity of all 
the ores of this group (5*9). Bismuth has met with but few applications. 
It is a usual ingredient of fusible alloys. 

19th Group— lead. 

61. This metal rarely occurs in the native state, but generally in com- 
bination either with oxygen or sulphur in minerals of low degrees of hard- 
ness, but of high specific gravity (4*6 to 8). These combinations when heated 
before the blowpipe yield with great facility metallic lead and the yellow oxide 
of the metal. Many of the minerals of this group occur only in inconsider- 
able quantities, such as native Lead^ minima^ or lead ochre, hinoxide of leady 
chloride of lead^ and many others. 

On the other hand, the Sulphide of Lead^ or Galena (PbS), is the most 
abundant mineral of this group, and is that which is principally worked for 
lead. With the applications of this metal we have already become acquainted. 
Galena crystallises in the regular system, particularly in cubes, octohedrons, 
and triakisoctohedrons, arid the various modifications of these forms ; it like- 
wise occurs in compact masses, which are more or less finely granulated or 
dense. This mineral is always distinguished by its high specific gravity (reach- 
ing to 7 *6), its lead-gray and brilliant metallic lustre, and easy cubical cleavage. 

Galena frequently contains silver, in sufficient quantity to render it worth 
extracting (Chem. § 107). It is likewise occasionally found to contain gold, 
antimony, iron, and arsenic. 

An extensive series of minerals is formed by the combination of lead, 
antimony, and sulphur, in various proportions. Of these wo may mention 
Zwkenite^ Jamesonite^ Sulphide of Antimony and Lead, &c. most of which 
are named after the discoverers. 

Of the Salts of Lead we may mention sulphate of lead (PbOjSOs), which 
crystallises in rhombic octohedrons, and is distinguished by its brilliant lustre 
and white colour ; White Lead ore, or Carbonate of lead, which crystallises 
in regular rhombic prisms, and is remarkable for its adamantine lustre and 
double refractive power. Passing over the combinations of lead with the 
rarer elements, we merely mention Chromate of Lead (Chem. § 103), which 
occurs in a beautiful crystalline form in the Uralian mountains. 

20th Group— TIN. - > ^ 

62. Tin does not occur native, but generally as TinsUme, which is the 
hinoxide of this metal (Sn02). This mineral crystallises in quadratic octo- 
hedrons, the modifications of which are frequently found in twin crystals. 
They vary from semi-transparency to opacity, possess a high lustre, are 
sometimes white, but more generally coloured, and sometimes even black. 
Fibrous Tin Ore, which likewise consists of hinoxide of tin, occurs in much 
larger masses, having a fine fibrous structure. Cornwall and tills East Indies 
are particularly rich in tin ores, from which the metal may easily be extracted 
by fusion with charcoal. 

. 21st Group- zinc. 

63. Oxide of Zinc is occasionally found in the form of crystalline masses 
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of a red colour, and is called Bed Oxide of Zinc, A much more plentiful 
mineral of this group is Zinc Blende^ which consists of zinc and sulphur 
(ZnS). It crystallises in the regular system, its most usual forms being the 
rhombic dodecahedron (fig. 7), the cube (fig. 3), the octohedron (fig. 1), the 
tetrahedrons (figs. 8 and 50), the made (fig. 46), and the complex form re- 
presented by fig. 45, in which the cube is modified by the planes of the 
rhombic dodecahedron (fig. 7), and the tetrahedron (fig. 9). The fracture 
of zinc blende is conchoidal; 11. = 3 *5 to 4; Sp. 

Gr. =4T ; it possesses an adamantine lustre. Its 
colour is green, yellow, red, brown, or black. It 
occurs laminated, fibrous, radiated, in compact 
masses, and is worked for zinc. 

Sulphate of Zinc (Zn 0 ,S 03 ) is also found, though 
only in small quantities, but tlie Carbonate of Zinc, 
or zinc spar, occurs more freciuently. The latter 
crystallises in the hexagonal system, in the form of 
rhombohedrons ; it possesses a vitreous lustre, and 
is generally white or only slightly coloured. It is 
employed chiefly in the manufacture of brass. 

Calamine (silicious oxide of zinc) is the most common mineral of this group, 
and is employed for the same purpose ; it consists of oxide of zinc and silicic 
acid, and crystallises in rhombic prisms. This mineral is possessed of a re- 
markable lustre, and is either white or slightly yellow. When heated, the 
crystals of this mineral exhibit polaric electricity in a remarkable degree, and 
likewise acquire luminous properties by friction. 

22i) Gaour— CI1ROMIU.M. 

64. It is highly remarkable that this metal, of which the chemist prepares 
a great number of the most beautifully-coloured compounds, should only 
occur in a comparatively small number of natural combinations. This may 
in some measure explain the circumstance of chromium having been dis- 
covered so recently as 1797. In addition to Chromate of Lead (§ 61), and 
Chrome Iron ore (§ 55), already referred to, we have only to mention Chrome 
Ochre (sesquioxide of chromium, CrgO.,), which occurs but rarely and in small 
quantities. There are, however, several other minerals which contain a small 
quantity of chromium. 

23d Group— ANTBIONY. 

65. The minerals of the antimony group are possessed of a Hardness reach- 
ing as high as 6*6; and a Sp. Gr. =4. Before the blowpipe they yield 
white vapours, which forni a bluish-white incrustation upon charcoal. The 
rarer minerals of this group are : Native Antimony^ White Antimony (teroxidc 
of antimony, SbOg), and Antimonial Ochre (Sb 04 + HO). 

The Tersulphide of Antimony (SbSa) occurs more frequently, and is a com- 
bination of antimony with sulphur, which crystallises in the rhombic octahednd 
system. Its crystals are mostly long,columnar,and acicular, aggregated together, 
and generally possess a lead-gray metallic lustre. This mineral ig employed 
in the preparation of metallic antimony, and is also used in medicine. 
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Red Antimowf is a compound of oxide with sulphide of antimony, and is 
distinguished by its cherry-red colour, and the adamantine lustre of its 
spear-shaped crystals ; it is one of the rarer ores of this metal. 

24tii Group— arsenic. 

6G. This poisonous metal occurs in many metallic compounds, with the 
greater number of which we have already become acquainted, for example, 
Arsenical Iron, Arsenical Cobalt, Arsenical Nickel, &c. The minerals 
of the arsenic group yield white fumes before the blowpipe, which have a 
powerful odour of garlic. The white fumes consist of the highly poisonous 
arsenious acid. The odour is produced by vapourised metallic arsenic. The 
most remarkable minerals of this group are : — 

Native Arsenic, which is not of unfrequent occurrence ; it is found less 
frequently crystallised than in the form of roundish, heavy, and compact 
fragments. It possesses a tin- white or gray-metallic lustre, but soon be- 
comes blackish by exposure to the air; II. =: 3*5 ; Sp. Gr. =5*7. It frequently 
occurs mixed with antimony and silver. 

Arsenious Acid (AsO^) may be considered as a product of the preceding 
mineral, occurring only in inconsiderable quantities, and generally in irregu- 
lar forms, having an adamantine lustre and whitish colour. 

Realgar ( ASS 2 ) is the lower sulphide of arsenic ; it crystallises in irregular 
rhombic prisms, but also occurs in compact masses. It has a fatty lustre, a 
bright red colour, and gives a yellow streak. It is employed as a colour, 
and as a constituent of the white lire in pyrotcchny. Orpiment (AsSg) is the 
higher sulphide of arsenic, which is rarely found in the crystallised state, but 
generally in roundish masses ; its lustre is fatty, and its colour bright lemon- 
yellow ; it is hence employed as a pigment (Chem. § 46). 

2 >Tii Group— MERCURY. 

67. Although liquid, this nietal occurs native, and is found in the form of 
larger or smaller globules in the cavities and fissures of clay slate, and car- 
boniferous sandstone, as for instance at Moshellandsberg in Khenish Bavaria. 
The greater quantity of mercury, however, is obtained from Natural Cinna- 
har (Hg8), which occurs crystalline and in botryoidal and compact masses, H. = 
2 '5 ; Sp.Gr. = 8. Cinnabar is opaque, and of adamantine lustre; its possesses 
a carmine colour, and gives a bright scarlet streak. It becomes black on being 
heated, but resumes its red colour on cooling. The principal localities in 
which it is found are Bhenish Bavaria, Almaden in Spain, Idria in Carniola, 
Mexico, China, and California. 

Native Chloride of Mercury (HgCl) is a mineral of less frequent occurrence. 
A mixture of cinnabar, carbon, and earthy matter, occurring in Idria, is 
called liver ore, or hepatic cinnabar, 

26tii Group— silver. 

68. This is one of the more frequent metals, occurring native, as well as in 
a great variety of minerals, alloyed with other metals, or combined with 
arsenic and sulphur. Silver ores yield metallic silver when heated before 
the blowpipe alone, or with carbonate of soda. 

Native Silver occurs either in small crystals, of the cubical system, in crys- 
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talline groups, or in a great variety of curious forms, sometimes arborescent 
or like moss, as also in laminae, irregular masses, and grains. H. = 2*5 to 3 ; 
Sp. Gr. = 10'3. It possesses the common properties of silver, but is gener- 
ally tarnished of a yellowish or brown colour. It is found in most countries ; in 
Germany it occurs with otlier silver ores, particularly in the Saxon Erzgebirge. 

The most important ores that are worked for silver are the following : — 

Sulphide of Silver^ or Vitreous Silver (AgS), crystallises in the cubical 
system, but occurs more frequently in irregular forms, of a gray or black 
colour, and metallic lustre. It is also found as an earthy mineral, under the 
name of Black Sulphide of Silvei\ 

Antimonial Silver, containing from 70 to 80 per cent of silver, occurs in 
modifications of right rhombic prisms. It has a silvery or yellow metallic 
lustre, but Is more generally coated with a black tarnish. 

Brittle Sulphide of Silver is a combination of the sulpliides of silver and 
antimony, containing about 70 per cent of silver. It occurs in right 
rhombic prisms and irregular masses, possessing a metallic lustre and an iron- 
black colour. The most important silver ore, however, is Ruhj Silver, which 
consists of silver, antimony, sulphur, and arsenic. It crystallises in modifi- 
cations of the rhombohedron, has an adamantine lustre, a colour ranging 
from iron-black to crimson, and produces a beautiful crimson streak. H. = 
2*5 to 3 ; Sp. Gr. = 5*5 to 5*8. It contains from 58 to 64 per cent of silver. 

Sulphide of Silver and Copper contains about 52 per cent of silver, and 
occurs in blackish-gray crystals of the rhombic system, possessing metallic lustre. 

Hesides these we ma} mention the names of several minerals, which occur 
more rarely, and are therefore of secondary importance. Chloride of silver 
(horn-silver), bromide of silver, carl onate of silver, bismuthic silver, stern- 
bergito, polybasite, and many others. 

27tii Group— gold. 

69. It is indeed highly remarkable, that the more precious the metals tlu^ 
more they appear to be isolated and separated from tlic other mineral sub- 
stances of common occurrence. Thus gold is generally found native, either 
crystallised in the several modifications of the regular system, as represented 
by figures 1 to 9, and 52, 53, and 54, or in the most varied sliapes, such as 



52 . 



53. 



54. 


dentritic, capillary, arborescent, foliaceous, &c. It is likewise found in 
irregular masses and grains, and finally as sand and dust ; it exists in the 
two latter forms disseminated in various kinds of rocks, such as granite, &c. 
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and owing to their disintegration, it finds its way into the sand of rivers, and 
the rubble-stones of alluvial soils. 

As the specific gravity of gold iu this state is as high as 1 0 *4, the smallest grains 
may be separated from sand by washing, the gold being immediately deposited. 

Silver is the metal which occurs most frequently associated with gold ; 
natural alloys of these two metals arc found, contiiining from 0*10 to 38*7 per 
cent of silver, which causes considerable variations both of colour and density. 
In addition to this alloy, we may mention sfjlvanite (graphic tellurium), which 
contains, besides gold and silver, one of the rarer metals, viz. tellurium. 

Europe in general is poor in gold ; the only rich gold mines are at Krem- 
nitz, in Hungary. The East • Indies, South America, California, Australia, 
and the Ural mountains, are rich in this metal, pieces of gold of considerable 
size having been found in these localities. In the year 1842 a mass weigh- 
ing 86 pounds was found in the gold-sand district of Alcxandrowsk, near 
Miask. Pieces of 23 to 24 pounds* weight are not unfrequ^nfly met witli. 
The most important rivers of Germany, in which gold is found, are the Rhine, 
the Danube, the Isar, and the lim. 

•28th G^roup— platinum. 

70. Platinum is likewise found only in tin* native state : it generally occurs 
in nodular pieces and grains, and but rarely in the crystalline form, as cubes. 
It is freiiuently alloyed with other metals, more particularly with iron, ol’ 
which as much as from 5 to 11 per cent is sometimes present. The spccillc 
gravity of native platinum is from 17 to 18; its colour is steel-gray. It was 
first discovered in America, where it received tlie name of platina, signifying 
similar to silver (plata being the name of silver). It was alUTwards found in 
quantities in the Ural mountains, where it occurs in alluvial formations, Imt 
more fref|uently in the rubble-stones of serpentine rocks. Masses weighing 
from 1 0 to 20 pounds have been found in tliese localities. 

THIRD CLASS.—MINERALS OF ORGANIC COMPOUNDS. 

20tii Group— salts. 

71. As belonging to this small group of minerals we may mention Ifum 
boldtite^ consisting of oxalate of protoxide of iron ; and homifstom or rnellitc;, 
a combination of alumina with an acid, consisting of carbon and oxygen (of 
the formula C3O4), which has been named after the mineral mellitic acid. 
This mineral has received its name from its peculiar honey-yellow colour ; 
it crystallises in transparent, quadratic octohedrons, similar to figures 00 and 
56. Both minerals are of rare occurrence, and of no practical importance. 
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30 th Group— earthy RESINS. (Bitumens.) 

72. This group conipri.scs solid and liquid organic compounds, the most 
ifiSportant properties of which have been described in the chemical section of 
this work, among the resins and volatile oils (§ 171). They consist of more 
or less metamorphosed products of the vegetable remains of a former period, 
as we have already stated in our chapter on the dry distillation of vegetable 
matters (Chera. § 170). They occur only in the latest formations of the 
earth’s crust. The most remarkable are : — 

Amber, a fossil resin, occurring principally in brown-coal formations, and 
generally in the brown-coal itself. The greater quantity is found in detached 
pieces on the sea-shore, where it has been washed by the waves, or in the 
sand and loam, more or less distant from the beach. Amber is fished and 
dug for more particularly on the east coast of Prussia, from Dantzic to Memel. 
Pieces of amber arc found with fragments of wood and bark adhering ; other 
specimens contain insects, pine-needles and cones enclosed, which leaves no 
doubt tliat it originates from a fossilised or an extinct species of pine. Kc- 
garding its other properties and applications, see Chemistry, § 14^5. 

Other rarer members of this group an*, fossil copal, retiuite, mountain or 
<*arth wax, elastic bitumen, mountain tallow or Sclieererite, idrialite, cV:e. 

Mineral or Persian Naphtha, which occurs either limpid or semi-11 uid, is 
described in Chemistry, § 171, where wc have also given a description ot 
Asphaltnm and Pitumen. 



[Wnlljwton s lioiiiomcter, jiii iu.struiUL*nt for incasurlni; tlio angle# of crystals] 
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(Physics, § 121). will rise one degree. This remarkable increase in the tem- 
perature of the earth towards its centre, amounting to one degree, for every 
120 feet, has been proved to be the same at every point of the globe, and at 
all depths. 

Now, if theincrease of heat progresses in the same ratio towards the deeper 
and unknown parts, we are entitled to assume that, at the depth of 36 miles 
it would attain to 1,800® C. (3,272® F.), a temperature at which iron would 
melt ; at 54 miles a heat of 2,700® C. (4*892® F.) would prevjiil, in which all 
known substances would become molten licjuids. Hence it seems but natural 
to conclude that the interior of the earth is one burning mass of liquid lire 
surrounded by a crust, which has cooled down gradually and consequently 
become hardened. We shall see, in the following pages, that there are many 
other reasons for such a conclusion ; we may merely allude here to thermal 
springs, the waters of which are the hotter the deeper their source may be. 

77. A diligent and attentive investigation of the crust of the earth was 
first undertaken in Germany, where Werner, Professor of Mining at Frei- 
berg, gave the first impulse to the study. We owe, however, the above- 
mentioned important discovery of the uniform distribution of the various 
kinds of rock, to the illustrious traveller Alexander v. Humboldt, and to the 
indefatigable Leopold v. Bucli. 

78. In order correctly to distinguish any kind of rock, we must of course 
first consider it mineralogically, i. e. investigate its chemical constituents, its 
hardness, its density, &c. Then we have to regard the form of the rock ; for 
although we have no crystals to contemplate in this case, the rocks considered 
in their entire mass, present, each in its kind, a very peculiar form. Next 
to this, the peculiarity of their arrangement and stratification is of great im- 
portance ; and finally, the numerous animal and vegetable fossils enclosed in 
many of the rocks, contribute most essentially to characterise and distinguish 
them. Thus we may arrange the subject of our study in the following divi- 
sions : — 1. Mineralogical description of rocks. 2. Configuration of rocks. 3. 
Stratification of rocks. 4, Petrifactions. These ^four branches constitute 
Descriptive Geology. After having elucidated these, we may proceed to 
the consideration of tlie structure of the earth’s crust, the formation of the 
various chains of mountains, and their connection with one another, which 
constitute what may be termed Syste3IATic Geology. 

DESCRIPTIVE GEOLOGY. 

A. MINERALOGICAL DESCRIPTION OF ROCKS. 

79. In endeavouring to distinguish the different kinds of rock, we meet 
with the same difficulty as in the study of minerals (§ 24). Here, likewise, 
ocular examination, observing the deportment of tlie rock under the hammer, 
attentive consideration of the mountains^,, vales, water-courses, quarries, 
mines, dec. are absolutely necessary in order to form a correct conception Of 
the entire subject. 

The following description of rocks may, therefore, more correctly be called 
a mere outline or sketch of the most important members. If we liave once 
succeeded in acquiring a clear conception of these individual rocks, and have 
well understood the method of studying rocks in general, the study of any 
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other kinds will present no difficulty to the student. As in mineralogy so 
in geology, collections are highly to be recommended to the student ; and as 
rocks generally occur in great masses it is much easier to make a collection 
of these than one of minerals. 

80. The minerals, which form a considerable part of the earth’s crust, are 
termed, in general, rocks. These rocks, according to their structure, are of 
two kinds : either they consist of minute particles (for instance, of crystals, 
grains, laminae, &c.) of one and the same mineral, or of two, three, or four 
different minerals mixed witli each other. There are accordingly two prin- 
cipal classes of rocks, viz. simple and mixed rocks. Thus, for instance, 
marble^ consisting of nothing but grains of carbonate of lime, is a simple 
rock. Granite^ on the contrary, in which we find quartz, mica, and felspar, 
is a mixed rock. 

81. Many terms that have become familiar to us in the description of 
minerals are of course also employed in that of rocks, as, for instance, 
granular, spathous, fibrous, foliated, compact, earthy, &c.w There are, how- 
ever, several peculiarities observable in the structure of mixed rocks, arising 
from the manner in which the mixture is formed. The component parts are 
either crystallised together or united by a non-crystalline mass, in the same 
manner, for instance, as mortar binds the stones of a wall. In many the 
cohesion is very great, in others but slight, and these latter are called loose 
rocks, as, for insUmce, rubble-stones, gravel, marl, <fec. The mixture is either 
distinct and discernible by the naked eye, or it is imlistinct^ and can be 
detected only by the help of glasses or by chemical means. A rock is called 
slntjf when it splits easily in one direction, which is commonly the case when- 
ever one of the component parts, or all of them, have the form of small 
laminaj arranged in parallel layers. The imphipitic rocks are very peculiar, 
they consist of a homogeneous mass interspersed with crystals of any mineral, 
from which it derives its spotted appearance. If a rock contains vesicular 
cavities filled partly or entirely with another mineral, similar in shape to an 
almond, it is caMed amyrjdalouhd ; if, however, these cavities occur frequently 
in it, and are empty, the rock is called shirfffy. Geodes, or drusic cavities^ are 
intermediate spaces in the masses of rocks, lined with beautiful crystals. 
Finally we must mention accidental admixtures, such as isolated crystals of 
any mineral, which, however, are present in so inconsiderable a number as 
to have little influence on the specific character of the rock. Thus, for in- 
stance, in granite single garnets are sometimes found, the presence of which, 
however, does not at all affect the character of the granite. 

Classification of Rocks. 

82. Rocks may be classified in various ways ; for instance, into granular, 
spathous, foliated rocks, &c, : it is, however, highly essential that such an 
arrangement does not seiwate those rocks that are chemically allied to each 

other. 

The character of a rock is generally more difficult to define than that of a 
mineral, particularly !is one species frequently makes a transition into 
another ; thus, for example, compact limestone passes into granular limestone, 
and granite into gneiss. 
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In the following description we shall retain the general division mentioned 
in § 80, L e. of simple and mixed rocks, and merely enumerate the most im- 
portant kinds, with a description of their most striking characteristics. 

L SIMPLE OR HOMOGENEOUS ROCKS. 

83. These have already been described in the first part of Mineralogy. W e 
will therefore merely recite here the names of those which are most important, 
and add the sections of mineralogy in which they are described. Those the 
names of which are printed in italics occur in large quantities. 

1. Rock-salt j § 34. 9. fMte, § 50. 17 Red Ironstone^ § 54. 

2. Gypsuniy § 36. 10. Quarts, § 31 18. Magnetic Ironstone, § 54. 

3. Limestone, § 37. 11. Augite &)ck, § 42. 19. Graphite, § 30. 

4. Dolomite, § 40. 12. Ilombleiidc Rock, § 12. 20. Anthnicite, § 30. 

5. SpaRiic Ironstone, § 55. 13. Talc Slat#*, § 52. 21. Coal, § 30. 

6 Pitchstone, § 50. 14. Chlorite Slate, § 52. 22. Brown Coal, § 3 *. 

7. Obsidian, § 50. 15. St rpentine, § 41. 23. Peat, § 30. 

3. Pearlstone, § 50. « 16. Broum Ironstone, § 54. 24. Asphaltum, § 72. 

II. MIXED ROCKS 
a. Crystalline Rocks, 

25. Clay-slate. 

84. This rock is an indistinct mixture of very minute particles of mica, 
a little quartz, felspar, and talc, containing sometimes particles of coal, horn- 
blende, or chlorite, and having mostly the appearance of a homogeneous mass. 
It is distinctly slaty, and has a fracture varying from splintery to earthy. It 
occurs of a greenish-gray, bluish-gray, violet, red, brownish-black, and, when 
decayed, sometimes yellowish-gray colour. When pulverised it is mostly 
white, but when coal is present it is black. Chiastolite, staurolite, garnet, 
tourmaline, and iron pyrites, are accidental constituents of this rock. 

Varieties; common clay-slate; greywacke- slate ; roofing-slate, which has 
a dark gray colour, and is used for covering roofs, and fdT writing-slates ; 
whetstone-slate ; pencil-slate, which is used for slate-pencils, and, as it con- 
tains frequently a considerable quantity of carbon which renders it sullicicntly 
soft to impart its colour to paper, it b also employed as natural black chalk 
for drawing. Alum-slate, containing a considerable quantity of carbon, iron 
pyrites, and alumina, is used tor the manufacture of alum. 

26. Mica-slate, 

85. Mica-slate b a distinct mi.xture of mica and quartz in alternate layers, 
the mica frequently enclosing small lainince of quartz. It occurs slpty and 
of different colours, as gray, white, yellowish, reddish, brownish ; and is 
lustrous. Among the accidental constituents are found the following: — 
garaet, talc, chlorite, felspar, hornblende, tourmaline, staurolite, iron pyriteS, 
magnetic iron ore, and graphite. It passes over into gneiss, clay-, talc-, and 
hornblende-slates. The mica b sometimes replaced in this rock by other 
minerals, the following kinds of rocks being thus produced : talc- and iron- 
mica-slate ; itacolumite, or flexible sandstone, from the mountain Itacolumi 
in the Brazib; also tounnaline-slate. 
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27. Gneiss. 

86. This kind of rock has derived its name, which is without any particular 
meaning, from the language of the miners. It is a mixture of quartz, mica, 
and felspar. The quartz and felspar form granular layers, separated by 
laminaj of mica. It is slaty and of various colours, as gray, whitish, yellow- 
ish, reddish, greenish, &c. It forms the transition between mica-slate and 
granite. Accidental admixtures are : garnet, tourmaline, epidote, andalusite, 
iron pyrites, graphite, &c. 

Taic-gneiss contains talc in the place of mica. 

28. Granite. 

87. The granular aspect of this rock acquired for it, at an early date, the 
above* name, which is derived from the Latin granvm (grain). Granite is a 
mixture of quartz, felspar, and mica, in which, however, the lamina* of the 
latter do not lie parallel to each other, thus preventing a 0aty structure ; it 
occurs of different colours, as gray, reddish, yellowish, greenish, and white. 
Accidental admixtures are : tourmaline, hornblende, andalusite, pinite, epi- 
dnte, garnet, topaz, graphite, magnetic iron ore, tin ore, &c. It forms tran- 
sitions between gneiss, syenite, aud porphyry. 

We may mention the following varieties of this rock ; — Porpkgritic granite^ 
containing single large crystals of felspar; graphic granite^ so called on 
acc«)unt of its marks, which bear a resemblance to writing, and which are 
formed by the close intermixture of the quartz and felspar: protogine^ a 
mixture of quartz, felspar, and talc; granulite, mostly a slaty mixture of 
felsite and quartz ; greisen, a mixture of q^'artz and mica, containing usually 
tin ore and arsenical p 3 rritcs. 

(Jranite is particularly adapted for constructing roads on account of its 
hardness ; it is less suited for building, being rather difficult to work. It is 
frequently employed in large blocks for bridges, foundations of buildings, 
monuments, <&c. Disintegrated granite yields a fertile soil. 


20. Syenite. 

88. Syenite is a distinct mixture of felspar and hornblende, frequently 
associated with quartz and mica ; the entire mass might, therefore, be called 
hornblende-granite. An admixture of very minute crystals of titanite is 
likewise characteristic of this rock ; it is granular, and of a reddish, or 
greenish colour. Its accidental admixtures are the same as those of granite. 
It forms transitions into granite, hornblende, and porphyry. Porphyritic and 
slcUy syenite arc varieties. 

Syenite is applied to the same purposes as granite, to which it is, however, 
preferred for ornamental architecture, on account of its being more beauti- 
fully marked. The numerous and great architectural monuments in Upper 
Egypt constructed of a reddish syenite, from Syene^ from which locaUty 
the name of the rock is derived. 

30. Greenstone. 

89. This rock, likewise designated as greensione-sbUe (trap, diabase, whin- 
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Stone), is either a distinct or indistinct mixture of amphibole (bronzite, 
hypersthene, schillerspar), with felsite, and is either granular or compact, 
slaty and porphyritic ; sometimes it is vesicular or amygdfdoidal, the vesicular 
cavities being filled with calcareous spar. The colour varies from green to 
black ; sometimes it is dark gray. The more frequent accidental admixtures 
are : iron pyrites, quartz, mica, garnet, epidote, and magnetic iron ore. The 
amygdaloidal and other greenstones that occur abundantly on the banks of 
the Clyde, in Scotland, abound with beautifid minerals belonging to the 
zeoHtic class. The localities of Kilpatrick and Kilmalcolm are particularly 
famous for prehnite, Thomsonite, cubicite, mesotype, harmotome, stilbite, 
and other minerals of this class. Its varieties are : dioritey a distinct mixture 
of hornblende and albite, frecpiently with iron pyrites (the same rock of slaty 
structure is called diorite slate) ; aphmite^ a compact and apparently uniform 
mixture, containing amphibole and albite, sometimes amygdaloidal, and when 
there is a preponderance of separate crystals of albite or hornblende, fonning 
a transition into aphanite-porphyry ; gabbro, a granular mixture of Ijabrador 
and diallage, sometimes containing titanic iron and serpentine; wade, a brown- 
ish or dirty greenish rock, varying from compact to earthy, sometimes vesicul.ar, 
8laggy,or amygdaloidal, originating most likely in tlie decomposition of various 
kinds of greenstone. The different kinds of greenstone are used for building, 
and some of them, which partly pass over into the porphyry variety, are 
employed in works of art untler the name of porfido verte antico, (ireonstone, 
on account of its extreme toughness, offers a valuable material for the forma- 
tion of macadamised roads. 


31. Porphyry. 

90. Porphyry is a compact felsite mass, containing single crystals of felspar, 
quartz, more rarely mica or hornblende, and, accidentally, garnets or iron 
pyrites. Its structure is porphyritic (comp. § 81); it occurs of a reddisli, 
yellowish, brownish, and variegated colour. Several works of art constructed 
by the ancient sculptors in stone, designated by this term, do not agree with 
what is now termed porphyry. 

All kinds of porphyry are much used for building, for roads, &c. By 
disintegration they generally yield a very fertile soil, containing potassa. 
The different varieties are : quartz- porphyry, or red porphyry (porfido rossn 
antko)y consisting of a comp<^ct mass of felsite, with crystals of quartz or 
felspar, and being mostly yellow, red, or brown ; mica-porphyry, a mass of 
compact felsite, with crystals of mica and felspar ; syadU-porphyry, a mass of 
compact or crystalline felsite, with crystals of felspar and hornblende ; pitch- 
BUme-porphyry, chiefly composed of pitchstonc, encloses crystals of vitreous 
felspar and quartz. 

It is worthy of remark that several of the finely-spotted porphyries are 
employed in the construction of works of art, such as columns, slabs, vases, 
urns, bowls, &c. not unfrequently of extraordinary size. The most celebrated 
tro the porphyry works of Elfdalen, in Sweden, and of Kolywan, in Asiatic 
JbmuL 

Melaphtb. 

91» fbis rock niay likewise called aagite-porj^nhyxy, or black porphyry, 
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and some of it amygdaloid. It is a cotnpact, or somewhat crystalline, and 
mostly indistinct mixture of augite and Labrador felspar, frequently por* 
phyritic,«rith single crystals of Labrador and augite, and of a dark brownish, 
greenish, or black colour. Accidental constituents of this rock are mica and 
iron pyrites, but never quartz. We may mention as varieties the compact, 
the 2 )orphyritic melaphyr^ and likewise amygdaloid. The latter contains in its 
generally uniform mass vesicular cavities, partly or wholly filled up. These 
cavities arc either irregular in shape or spherical, or oblong in one and the 
same direction, or they are pear-shaped, with the tapering extremity under- 
most. No doubt can be entertained that these cavities originate in an 
evolution of gas from the interior of the rock. The contents of the vesicular 
cavities consist of calcareous spar, calcedony, agate, quartz, zeolites, chabasite, 
cfec. The layers or nodules of these crystiils are in some cases parallel to the 
sides of the cavities ; in others they exhibit irregular masses, and sometimes 
they assume botryoidal or stalactitical forms. 

Melaphyr is likewise used for building and for roads. It does not easily 
decay, but when it is disintegrated it yields a very fertile soil. 

33. Basalt. 

|)2. Tliis rock is generally an indistinct mixture of augite and felspar ; it 
is also called hasanite, and some kinds of it have received the name of trap. 
The above constituents are generally associated with olivine and magnetic 
iron ore. 

Basalt is compact, porphyritic, granular, amygdaloidal, and slaggy; its 
colour is either black, greenish, grayish, or brownish-black. It is commonly 
hard and heavy. A distinction is made between the common basalt, which 
is compact and apparently uniform in mass, and dolerite, a distinctly mixed 
basalt, in which we recognise especially augite and felspar. The accidental 
constituents are nepheline, leucite, mica and iron pyrites, besides olivine and 
magnetic iron ore. The amygdaloidal basalt contains vesicular cavities. 
Basalt furnishes the best mritcnal for paving roads. For building, the com- 
pact basalt is too heavy, >vhile on the other hand the porous basalt is well 
adapted for this purpose ; it is not applied to finer \vorks of art. The latter 
kind is met with in Germany, in the vicinity of extinct volcanos, especially 
in the seven mountains, in the most southern pai'ts of the black forest 
(Kaiserstuhl), and in Bohemia, wlierc it is used as dry building stone, and 
tlie ligliter variety in the construction of cupolas and vaults. The porous 
basalt, Ironi the quarries in the neiglibourhood of Coblentz (at Niedermend- 
ing), is much celebrated, and is employed for millstones. When disinte^ted 
by atmospheric influences, basalt yields a highly fertile soil, which is 
j)articularly warm on account of its dark colour. 

34. Phonolite. 

93. This rock is called klingstein, or sounding stone, from its property of 
producuig a clear sound when struck with a hammer, and though apparently 
uniform, it is a mixture of felsite and natrolite ; it occurs compact, laminated, 
porphyritic, from crystals of felspar, but rarely vesioalah The fracture 
varies from spUntety to conchoidal, and from vitreous to eai&y. The hblours 
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of this rock are greenish-gray, gray, and blackish-gray. A peculiarity of 
this kind of rock is, that nearly all its surfaces exposed to the atmosphere 
are coated with a white crust of the disintegrated stone. The %pci<iental 
constituents are : hornblende, augite, magnetic iron ore, titanite, leucite, and 
mica. The drusic and vesicular cavities generally contain, moreover, zeolites. 
This rock passes over into trachyte, and approaches on the other hand to 
basalt. As varieties we may distinguish compact phonolite, porphyry slate, 
and the decomposed phonolite, which is a soft almost earthy rock, and yields 
a kind of porcelain earth, like the above-mentioned white cnist of disin- 
tegrated rock. This rock, which frequently splits into plates, is used in 
building, sometimes even for roofing, but rarely for the construction of roads. 
The clay soil resulting from its decomposition is but littte favourable to 
agriculture. 

35. Trachyte. 

04. Trachyte is an indistinct, indefinite, mostly granular mixture, in which 
felsite predominates. It is nearly always porphyritic, from the presence of 
vitreous felspar crystals, and generally contains scales of mica and needles of 
hornblende. It occurs granular, porphyritic, compact, slaggy, and earthy. 
Tlie fundamental mass is gray, yellowish, reddish, or greenish. For building 
purposes this rock may easily be dressed witli the hammer and other suitable 
tools; but it decays easily, as has been proved, for instance, in the cathedral 
at Cologne, the more ancient part of ’which is constructed of trachyte, from 
the Siebengebirge, It yields on the other hand a fertile loamy soil for 
agriculture. 

36. Laa"A. 

!)5. This is an indistinct mixture of augite and felsite, frequently associated 
with leucite and ’magnetic iron, more rarely with mica, olivine, &c. It 
occurs granular, compact, porj)hyritic, and slaggy. Its colour is either dark, 
brown, gray, reddish, greenisli, yellowish, or black. All the glowing masses 
in general that are emitted in streams from volcanos during eruptions, inde- 
pendently of their composition, are called lavas. The different varieties arc 
— the basaltic lava^ very similar to basalt, thougli rougher; doUritic Uwa; leucite 
lava ; porphyritic lava; slaggy lava; and, lastly, Wio* volcanic scoria^ consisting 
of detached fragments, and called lapilU^ or volcanic sand. Lava is particu- 
larly distinguished for the remarkably fertile soil it yields by slow decompo- 
sition. This may be a consequence partly of its chemical constitution, partly 
of its dark colour, and of the evolution of heat and carbonic acid from the 
ground near volcanos still in action. 

b. Mechanically Mixed Bocks. 

/. DUtinctly Mixed Rocks. 

37 . Breccia. 

96. Breccia is a combination of angular fragments of rocks, united within 
another mass, which may he termed the combining medium, or cement. 
These breccias receive difli^ent names, according to the fragments they con- 
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tain, or to the uniting medium. Thus we distinguish, e, g. granite-, porph 3 rry-, 
limestone-, and bone-breccias. From the supposition that some breccias have 
arisen through the forcible trituration of a liquid mass against a sohd one, 
they called trituration-hreccias^ as, for example, a mass of porphyry with 
fragments of clay-slate. 

\Vhen the uniting medium of the breccia is sufficiently hard, it may be 
used for building material. A few breccias, which, from the admixture of 
variegated and difierently formed fragments of rocks, present a very beauti- 
ful appearance particularly when polished, are used in ornamental architec- 
ture, and receive diflerent names, fmsw'ering to their appearance. Thus a 
breccia, consUting of granite, porphyry, and diorite, is called breccia verde d’ 
egitto^ and the various marble breccias are named vioktta autica^ dorata. 
}}aro)iazza^ tVic. 

38. CONOLOMERATES. 

1)7. Conglomemtei?^ or pudding-stones, are distinguished from breccias by 
the roiindid water- worn form of the rocky fragments or pebbles which arc 
c<^mented together. They have received various names, according to 
their constituent fragments : for instance, gneiss - conglomerate, basalt- 
eonglomorate, greywacL'e, nagelfluh^ &c. Conglomerates may be used for 
building and road-making. They, as well as the breccias, yield on dis- 
integration a soil, tlio fertile quality of wdiich must, of course, depend 
upon the nature of the rocks composing them. Thus gi'eywacke-con- 
glomerato yields a stonoy, and therefore loose, clayey soil. Tlie red 
conglomerate has a sandy or clayey combining medium, containing layers of 
porpliyry, gneiss, granite, mica-slate, clay-slate, &c., which remain imdecayed 
in the clayey and sandy soil. Basalt-conglomerate generally yields a very 
fertile loam- and clay-soil. 

o9. Sandstone. 

98. 'I'his rock, so universally distributed and so well known, is a com- 
bination of minute and mostly spherical particles, held together by a uniting 
medium which is scarcely to be distinguished. Sandstone is granular, and 
occurs of all colours, d'he j)articl('s are principally quartz, and the cement is 
geiufrally clay, marl, or oxide of iron, and more rarely hornstono. We dis- 
t inguish accordingly clttycf/, calcatrous, ntarlg^faTuginous, and siliccoussandsto?ie. 

Wo call it conglomerate sandstone, if it contains isolated and large rubblo- 
sLones. Besides grains of quartz, it sometimes contains scales of mica or 
grains of felspar, hornblende, or green earth. The latter imparts a green 
colour to it, and hence the name green sandstone. There arc various other 
admixtures in sandstone, of which we will merely mention the globular 
concretions of clay, which arc termed clag-galls. Many other names given 
to sandstone, such as kcuper sandstone, lias, i&c., refer to the stratification, 
which Wii shall describe farther on. 

1)1 sandstone we possess one of the most viiluable materials for manifolil 

purposes. It is particularly adapted for building, being very workable. 
Sandstones of liner grain and uniform colour oiler an excellent material for 
sculpture, and have Vieon employed especially in the rich find magnificent 
ornaments of our ancient cathedrals. The colour of sandstone ranges from 
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white through yellow, greenish-yellow, to brownish and brown, — the latter 
variety being found of great beauty in WUrtemberg. Besides these, red 
sandstone is also frequently found. 

Sandstone is but little suited for the construction of roads ; but the liardest 
kinds are used for millstones, grinding stones, and many in the form of flags 
are used for roofing and paving. 

The soil it produces by disintegration is one of the most unproductive, 
since it is totally destitute of potassa and soda, and incapable of retaining 
moisture. Sandstone, in which clay and marl preponderate as a cement, is, 
of course, more favourable to agriculture. 

40. Debris. Gravel. Sand. Crumbled Rocks (Gruss). 

99. The term debris is applied to a loose accumulation of rocky fragments, 
which may be considered as breccias without cement. By gravel or rubble- 
atones^ on the other hand, we understand an accumulation of rounded frag- 
ments of rocks. It may consequently be regarded as conglomerate without 
a binding material. Sand is a loose accumulation of mineral grains consist- 
ing chiefly of quartz. Gniss signifies the loose, unconnected constituents of 
any rock, e. g. granite-gruss consists of a loose mixture of grains of quartz, 
mica, and felspar. 

II. Indistinctly Mixed Rocks. 

41. Marls. 

100. Although apparently uniform, marls are an aitibrphous mixture of 
carbonate of lime and of clay, occurring of all densities, from compact to 
earthy, also slaty, but rarely of a fine grain. The colour of marls is either 
gray or yellowish, reddish, greenish, bluish, black, white, or variegated. 
They crumble to pieces in the air, generally very rapidly, and etfcrvesce 
slightly with dilute hydrochloric acid. According to the preponderance of 
one or the other constituent, or to the admixture of other minerals, we dis- 
tinguish common marlj calcareous marl^ clayey marl, siliciom marl, sandy 7narl, 
and bituminous marl, which is mixed with bitumen (asjfcidt), and frequently 
occurs slaty ; finally, we meet with cupriferous slate, a bituminous marly slate 
of black or dark-gray colour, which is famous for abounding in those copper 
ores, mentioned in § 59, and which contains besides cobdt-, nickel-, and 
silver-ores. 

Marl is totally unfit for building purposes, in consequence of its rapid dis- 
integration ; it is, however, on this account the more valuable in agriculture. 
Marl soil is considered the most fertile, but it must be observed that it should 
not contain under 10 nor above 60 per cent of carbonate of lime. Poor 
sandy and calcareous soils are improved by a dressing of marl. The marl 
containing a larger proportion of lime, is also burned and used as hydraulic 
lime or cement (comp. Chemistry, § 81). Marls are principally found in 
districts of the more recent formations, e. g. in Suabia. 

42. Clay. 

101. Cloy, though apparently uniform, is a mixture of alumina with a 
little lime, and silica (comp. Chemistiy, § 87). It occurs compact, earthy. 
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soft and friable ; it softens in water and is exceedingly plastic. It is found 
of all colours, and sometimes even black, owing to the presence of bitumen. 
We distinguish besides pale common clay, yellow loam, and a loose earthy 
mixture of clay, lime, and sand (loss), of yellowish -gray colour, distributed 
more particularly throughout the valleys of the Rhine. Saline clay is mixed 
with rock-salt, and has a dark colour, which is due to the presence of carbon. 

Only the clay of the more ancient formations, hardened into stone, is used 
as a building material. Respecting the use of plastic clay, we have given 
many details in § 88 of Chemistry. 

43. Fuller’s Eartii. 

102. This term denotes a soft friable mass, probably derived from the 
decomposition of greenstone ; it possesses an uneven fracture, from coarse to 
fine earthy, and is unctuous to the touch. Its colour varies from gray, 
greenish, and yellow, to white. It forms with water a thin unmouldable 
pcoste, which is used by manufacturers for extracting the greasy matter from 
woollen fabrics. It contains about 10 per cent of clay and up to 60 per cent 
of lime, and is closely related to the boles. 

44. Tufa. 

103. Ihider this name are comprehended several kinds of rock, not ac- 
curately detined ; they contain rather loose and partly earthy combinations of* 
clayey, calcareous and sandy constituent. Their colour is mostly gray or 
yellowish ; sometimes they also enclose fragments of compact rocks. Amongst 
other tufjis we notice the following, viz., imss^ a volcanic tufii, wdiich, mixed 
with 1-J^ to 2i parts of lime, forms a cement which sets under water (Chemistry, 
§ 81), and hence has been applied to many important purposes. The trass 
from the neighbourhood of Andernach is the most celebrated in Germany. 
The volcanic tul*a of Italy, pansilipp tufa and pepcrine^ or pepperstone, arc partly 
applicable for building; but they are sometimes much injured by the in- 
fluence of the weather. In the neighbourhood of Naples there exist antique 
buildings, grottos, &c., constructed of this rock. By disintegration it pro- 
duces an extremely fertile soil. 


45. lIuMus. 

104. Soil is the superficial stratum of the earth’s crust. It is mineral - 
ogically undefined, and must be considered as the result of the combined 
influence of plants and animals upon the mould yielded by disintegration of 
any kind of rock. The remains of decaying organic substances (comp. 
Chemistry, § 165) are intimately mixed wdth the particles of the crumbled 
rock, and impart to them mostly a darker and sometimes a black colour, and 
highly fertilising properties. Some localities of the earth, however, arc 
entirely destitute of this mould ; for instance, where pure lime- or quartz- 
rock forms the surface, vegetable life, in consequence of the deficiency of 
nutrition, is either totally absent, or if present, it is developed so imperfectly 
that humus or organic matter cannot be formed on such soils. 
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B. CONFIGURATION OF ROCKS. 

105. When a of any variety of rock is before us> there are t\vo 
modes of considering it with reference to its form ; firstly its configuration 
and relation to external objects, and secondly its interior structure. > e 
accordingly distinguish the internal and external forms of rocks. 

Internal Forms op Rocks. 

106. We do not anywhere find masses of rock of any extent equiilly co 
herent throughout. Even in the most compact and hard kinds wo observe 
divisions and fissures. The origin of the latter may easily be illustrated by 
a mass of moist clay. As it dries it contracts, and in conse<juence cracks 
and fissures appear on the surface. This may frequently bo percL‘i\e(l on 
a large scale in all clay-soils during hot summers. IJeiico the rocks must 
orioinally have been soft ; as they hardened they contracted, and beciime in 
consequence more or less split or cleft — thus giving rise to itteijulcirlf/ tmuisirv 
and fissured rocks. 

The segregation of the rocks frequently takes place with wonderful regu- 
larity : so that the rocks resulting from the splitting of tlic primary ma.ss 
present the appearance of a structure built by man. Ihere are also rocks 

enclosing globuhir concretions, 
arising from the circuinsUince 
that the hardening of the mass 
began in dificrent central 
points, round which further 

l. Disintegrating Smirtce of Trap- Rock at Corrie, deposits were formed in con- 
m Arran. centric layers. Thus when 

trap-rock is exposed to the weather, the surface suffers disintegration, and 
peels off, in tliin layers, like the concentric coats of an onion, often exhibiting 
large round masses on the surface of the rock (fig. 1). Occasionally the 
rounded masses are so small, that the rock has the appearance of a quantity 
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of pea-iron ore. More frequently rocks are split up into pillars, having 
generally the form of hexagonal columns. Such columnar formations are 
beautifidly illustrated by the basaltic columns of Fingal’s Cave, in the Isle of 
Staffa, and by the Giant’s Causeway (fig. 2), on the west coast of Antrim, in 
Ireland. Similar formations occur near Stolpen, in Saxony, and at Unkel, 
on the Rhine, where columns of the length of from 30 to 80 feet have been 
observed. These columns are frequently separated into si nailer pieces, in 
which case they are said to be jointed. 

The most common form into which 
rocks are split is in flat ov tabular masses 
(fig. 3). The resulting tabular masses 
are more or less regularly defined, mid 
frequ(.*ntly so thick as to form blocks of 
immense size ; oi they appear as slabs 
gradually attenuating to flngs. 3. 

Stratification. 

107. Stratified rooks frequently show, by their structure, that the 
superincumbent layers did not originate at one and the same period, 
but that their deposition, solidification, and contraction took place, con- 
secutively. This is rendered evident by the circumstance, that between strata 
of the same kind, iutorniodiate layers are often observed ; for instance, beds 
of limestone an* separated by others of marl. We have aliundaut evidenct? 
tliat rocks stratified in this manner, arose by a gradual settlement of their par- 
ticles, originally held in suspension by water, according to their greater specific 
gravity. Similar formations of layers or strata may still be daily observed 
on a smaller scale on the banks of our brooks 
and rivers. Having in the following pages to 
return to the origin of stratification, we will 
here consider some peculiarities of the stratii 
or of their relative position. 

The different layers of a stratified rock, as shown in fig. 4, have a parallel 
position like the leaves of a book. The thickness or depth of the individual 
stratii is exceedingly unequal ; for some of them, as represented by lines in 
the diagram, measm^e scarcely a (juarter of 
an inch, and are interposed between others 
that measure from 20 to 30 feet in thick- 
ness. The direction of these strata is either 
horizontal, i. e. parallel to the surface of the 
eartli, as in fig. 4 ; or iu an inclined posi- ^ 

tion, IIS in fig. 5. Various strata are like- a 
wise occasionally observed to have a vertical A 
position, as in fig. 6, in which case they yVy 
are called vertical strata. The course in 
which water poured on an inclined strati- 
fied layer would descend, is called, in geological language, the fall or dip of 
the strata. The direction of various strata is desigiiatcd by the term strike. 

Those parts of strata which first come to the surface of the earth, as shown in 
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figs. 4, 5, and 6, are said to cut crop or basset The exposed or siiperficid 
parts of erect and inclined strata, as in figs. 5 and 6, are also called their 
heads. The verticiil sections become exposed 
mostly by the action of currents oi water, rivers, 
&c., as in fig. 7, or by the action of the sea ; and 

'• also by making railroads, quarrying, and mining. 

Various strata are frequently observeil to taper and to decrease con- 
siderably in thickness in one direction, at last eitlnrr ceasing entirely, or 
extending farther in scarcely recognisable lamina) between the other r<»cks. 
This occurs especially with beds of coal, the discovery of the wedge-like end ot 
which frequently leads to beds of greater thickness. It is called thinning out 

From this it will be evident that v.irious strata may appear in one plao« 
to be in almost immediate contact, whilst at a short distance farther the; 
are much farther separated from each other. 

Tlie erect or inclined strata are evidently not in their original position, l)\U 
have been forced out of it by some cause acting subsequfaUly to ihtir for 
mation. This is, however, not the only alteratioii wliich certain strata liav»* 
sufiered, for their regular and parallel course is oltcn mure or less intt r 
rupted, and in that case tliey appear no longer equally superimposeil liki- 
the leaves of a book, but are bent, twistcil. l»roken up, and intermingled. 

External Fok.us of Rocks. 

108. If we contemplate the general aspect of rocks in relation to surround- 
ing objects, they present themselves under three dillerent form.s, iiaim ly, a 
Stratified rocks, Massive or Ljntous rocks, and as Wins. 

In general several strata of tlillerent kinds of rr>ck are ])crceivcd to overlie 
each other, and form in this manner systein.s of stratiticatiun, frequc.iiily of 
very -considerable extent. Limestone, i)olomit»\ Coal. Sandstone, Clay, and 
Marl, afford special examples of sucli .strut ideation. 

The structure of the njneons rocLs never exhibits the .slightest appearance 
of stratification, but merely an irregular cleavage, and the segregations men 
tioned in § 106. They are rarely spread over any considerahie space, but 
occur as isolated steep masses breaking through the stratified rucks, and 
interrupting more or less their regular arrangement, (iranite, syenite, por- 
phyry, basalt, &c., exist merely a.« massive rocks, and never oecMir .stratified. 

Wins jxjnetrate not merely through the stratified, but also through massive^ 



\'ein of Granite penetrating coutortc^] »truta of Mica-slate near Goatfell, Island of Arran 
A, Granite. B, Slate. 
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rocks. Their form may be readily understood by studying their origin. 
In the chasms and fissures which arose during the process of hardening and 
contracting of the other kinds of rocks, there penetrated afterwards soft 
mineral masses which, in course of time, likewise hardened. These veins are 
rather irregularly distributed ; here also their dip and strike are likewise to 
be token into consideration. These veins must, however, be distinguished 
from the miim al or metallic veins, which are generally of inferior thickness, 
but of more importance, since they contain valuable minerals and ores, and 
are therefore frequently mined. 


Special Forms of Rocks. 

109. As such WG have to mention formations frequently observed in the 
caverns of several parts of England, particularly Somerset- 
shire and Derbyshire, lliese are called Stalactites (fig. 9), if 
pendant from walls, and increasing downwards like icicles, or 
Stalagmites, if arising from the ground, and increasing or 
growing upwards by the accumulated droppings from 
above. Tliey generally aiise from calcareous water, which 
trickles through the roofs and sides of caverns, and on 
evaporating loaves the lime behind in the most singular and 
varh'd sliapos. Petrefactions arc formed by the evapora- 
tion of waters, holding minerals in solutio’ , upon any 
object, which thus becomes covered with coatings of various Stalactites and 
thickness. We find frequently tracings resembling trees Stalagmites, 
or mosses between slabs or plates of rock, forming Dendrites ^ 

(fig. 10), which may easily be imitated, and tlieir origin ^ 

illustrated by placing some finely levigated clay between 

two plates of smooth glass, or stone, and pressing them 

slightly togellier. A variety of ramified designs are thus 

obtained, similar to the liardened formations occurring in 

Nature, wliicli may easily be mistaken for p(‘trified moss 10 . 

or otlier vegt^able objects. Dondrites. 





10 . 

Dendrites. 


C. 8TKATIF1GAT10N OF ROCKS. 


110. From the relative position of the strata, masses, and veins, we 
are enabled to identify the relative periods of their formation, or deposi- 
tion. 

The relative position of the strata to each other, may be very different. 
For instance, they may be lying horizontally and parallel to each other (fig. 
II), or they may assume an inclined or vertical position (fig. 12), covered 
l)y parallel horizontal stratifications. 



11 . 
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Massive rocks generally are found rising side by side, and it rarely 
happens that one is covered over to any extent, by the horizontal layer 
of another. Trunk- and clod-shaped rocks are often intermixed with 

each other; as for example, granite by 
gneiss (fig. 13), which often occurs when 
the interior rock, in its eruptive ascent, 
breaks ofp and carries along with it firag- 
ments of the other which it entirely en- 
closes. 

Veins generally extend more in a vertical 
direction towards the interior of the earth, 
than in horizontal or oblique directions. 
They are frequently found to pass through 
the rock almost perfectly parallel with each 
other. By a disturbance of the position of 
the main rock, these veins are of course 
likewise displaced and broken up, which 
gives rise to great difficulties in mining, in following up a rich vein of ore. 
The lodes also cross and pass through each other. The coal measures of 



14 . 





Great Britain are frequently seen to have 
been dislocated by faults. This will be 
easily understood by referring to figs. 14, 
15, in which a, ft, c, d represent coal 
measures, which have been displaced from 
- .r - r their original position, by subterranean 

disturbing influences. 

16 represents a very remarkable example from the Jura mountains, 

^ ^ '^“nJ C where, owing to the flexi- 

bility of the strata, they 

' ^ ^ have suffered great con- 

~ ^ tortion, without becom- 

ig ruptured^ so as to 
produce faults. 

111. From a closer 
observation of the above- 
mentioned relative posi- 
tion of rocks, we gather 
the most important con- 
clusions, as to which of 

- — them is the older, or, 

what amounts to the 



same, which formation was deposited first. The following principles may be 
accordingly accepted as perfectly established. The upper strata are newer. 


PETRIFACTIONS. 


347 


or of more recent date than those which are below them ; rocks which have 
disturbed the position or stratification of the adjacent formations are more 
recent than these ; rocky masses in the middle of other rocks from which 
they are separated by sharply defined lines, are generally of more recent 
formation than the latter ; rocks which enclose fragments or disjointed layers 
are more recent than those from which the fragments are derived ; veins and 
lodes are more recent than the beds of rocks in which they are found, and also, 
than the veins which they cross or intersect ; and, finally, if one stratum of 
rock is of later date than a second and older than a third, the second must 
be likewise older than the third. 


D. FOSSILS. 

112. Many rocks enclose fossils, which may be recognised at a 
glance, as not being of mineral origin, but to have belonged formerly to the 
vegetable or animal kingdom. Hence it follows that the origin of the rocks 
themselves must be dated from the same period in which those plants and 
animals existed. The petrifaction of these organic bodies has not been the re- 
sult of a transformation of their chemical constituents into those of a mineral 
character, since that would be impossible, as has been shbwn in Chemistry (§10). 
On the contrary, these plants and animals, during the mighty revolutions of 
the earth’s crust, became enveloped in semi-fluid masses which have subse- 
quently hardened into the rocks in which they are now found. It is evident 
that under such violent processes the softer and more perishable parts could 
not be preserved, and hence, in general, only the more durable parts of plants, 
such as bark, wood, and ligneous fruits, and the calcareous shells of corals, mus- 
sels, and snails, as well as the bones of the higher class of animals, remain. 
The more perishable organised formations, consisting of carbon, hydrogen, and 
oxygen, have undoubtedly been sooner or later decomposed, since they are 
never found in the rock. Nevertheless, under favourable circumstances, 
many an indication or evidence of these formations has been preserved in 
the midst of destruction. Delicate leaves, and minutely articulated insects 
enveloped in the semi-fluid mass, have at least left behind impressions in the 
hardened rocks, from which their structure and class may often be clearly 
traced. In other specimens the innumerable little interstices or cavities of 
their bodies have been gradually filled up with a mineral fluid, which, upon 
hardening, preserved the form of the body, 

113. Difficult as it was at first to explain the appearance of an innumer- 

able host of organic remains enclosed in rocks at great depths, and at 

altitudes of 12,000 feet, these fossils became at a later period most 
important, as characteristic of the various rocks in which they occur. The 
following facts have resulted from accurate observations of these remains. 

Fossils are found only in stratified rocks, which have been deposited 
from water, and never in massive rocks. The number of species, both of 
fossil plants and animals in the various strata, is very un^usd: those 
occurring in the upper strata, approximate more closely to the still-existing 
species of the animd and vegetable kingdoms ; these, however, decrease in 
the lower strata, in such a manner that the more perfectly developed animals 
and plants gradually disappear whilst the lower orders prevail, and the exist- 
ing species become more and more rare. In the lowest and oldest strata. 
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only such fossil remains, of organised beings, are met with, as are now no 
longer to be found in the recent state. 

If the formation of two beds of rock, in different localities, has on other 
grounds been proved to be contemporary, they will contain the same fossils ; 
and, on the other hand, we conclude from the exact similarity of the species 
of fossils existing in tWo different rocks that they must be of contemporary 
origin. Hence organic remains have become of the utmost importance in 
ascertaining the age of different strata, and in some cases they are the easiest, 
and even the only means of deciding that question. As we find in the various 
strata the remains of a widely-differing vegetable and animal world, we con- 
clude that the climate and condition of the surface of the earth, at the different 
periods of its formation, must have been very dissimilar. Again, the fossils of 
the oldest strata give evidence of the animal creation having been formerly 
much more equally spread over the surface of the earth than it is at present ; 
and hence the great difference of temperature at the poles and the equator, 
seems not to have been so remarkable formerly, as it is at the present period. 

114. The total number of fossil plants and animals is exceedingly great, 
and has become the object of two special sciences, namely, Fossil Botany and 
PalcBontology. Their correct description requires of course a comprehensive 
knowledge of botany and zoology, and therefore, in treating of these sciences, 
we shall devote special attention to fossils. We will, however, intro- 
duce here a concise review of the plants and animals which occur as fossils, 
beginning with the lower or more imperfect orders. 

Of fossil plants^ we find the following orders: algae; lichens; mosses; 
and Equesetaceas occupying the oldest up to the mediajval strata. Lycopo- 
diacesB ; ferns of the size of trees (which are, however, abundant only in the 
older strata); Liliacea; palms^ stems, fruits and foliage; pines and dicoty-’ 
Udonous trees ; the latter occur only in the more recent strata. 

Fossil Animals. — Infusoria are found in many strata; polypi or corals 
occur most frequently in the oldest formations. Kadiata and echinodermata, 
amongst which are found encrinites, starfish, and the common sea-urchin 
(Echinus esculentus)^ and mollusca; these are the most frequent of all, and to 
the geologist the most important. We find in the old strata, but more 
plentifully in the middle strata, not only bivalve shells but also univalve 
shells, and among the latter several important genera now perfectly extinct, 
as ammonites and belemnites. Annellata or fossils of the worm kind are 
rare ; Crustacea are likewise not of frequent occurrence. Insects occur dis- 
tinctly only in beds of brown-coal, especially in amber : they are, on the 
whole, very rare. FisJies are exceedingly numerous, upwards of 800 species 
having already been recognised in the various strata. AmpUhious animals 
are only rarely represented by batrachians and serpents, but frequently by 
animals of the lizard tribe, which are sometimes found of gigantic size. These, 
however, are now extinct. Birds are but seldom found in the older strata; 
mammalia exist only in the uppermost strata. There are, however, several 
extinct species of gigantic size, including the mammoth, megatherium (page 
330), dinotherium, &c. Monkeys are exceedingly rare. Traces of human 
remains are not contained in any of those strata which have been subjected 
again at a later period to a general destructive influence. Man, therefore, 
did not appear on earth until its crust was sufficiently stable, and suffered no 
longer any general revolution. 
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SYSTEMATIC GEOLOGY. 

Origin and Structure op the Crust op the Earth. 

115. This wondrous edifice, inhabited by man, did not attain at once its 
present condition. Let us trace, from the preceding statements founded on 
experience and facts, the history of its origin and progress. 

There was a time when the whole earth must have been a liquid glowing 
mass describing its course through space. The elements or simple substances 
which it contains then united with each other only in such combinations as 
could exist at that high temperature. The gases formed the atmosphere 
which surrounded the denser nucleus of the earth; with this was associated 
the vapours of an immense number of volatile compounds which could not 
exist in a solid or liquid state at such a temperature. The ocean was then 
in the form of vapour. Thus the earth in its first phases of formation appears 
to have been a soft, red-hot nucleus, enveloped by an immense and very 
dense atmosphere which surrounded it or followed its course, perhaps in the 
same manner as the vapoury spheres or tails of the comets and nebulous 
stars appear now to accompany these bodies through space. 

By continually radiating heat into infinite space, the earth, at least on its 
surface, diminished in temperature. The difficultly fusible chemical com- 
pounds, such as silicate of alumina and magnesian clay-slate (mica-slate), &c., 
began gradually to separate in the form of finely laminated crystals, and by 
continued cooling, to settle upon the surface of the nucleus of the earth, 
forming the first thin coating or crust over the red-hot liquid mass, and thus 
separating it from its vapoury atmosphere. This was the commencement of 
the earth’s crust, which might now be increased in firmness more rapidly 
since the immediate influence of the internal heat upon the atmosphere was 
arrested, and since the combinations, existing in form of vapour, could be 
deposited thereon, at least partly, in the form of liquids. 

116. At that time organic life could not exist. The crust was still too 
hot to admit of plants taking root and growing ; the existence of vegetation, 
however, is indispensable to animal life, and indeed those lower slaty strata, 
consisting of mica-slate and clay-slate, contain nowhere the least trace ot 
animal or vegetable matter. If water had gathered already at that period 
upon the crust of the ejirth, it must have possessed a much higher tempera- 
ture than at present: hence it was capable of dissolving numerous chemical 
compounds; and while the ocean at present contains only the easily soluble 
common salt, &c., the ocean of that period may have held in solution great 
quantities of silicates, sulphates, and carbonates. It also broke up again a 
portion of the solid crust, and formed therewith a muddy liquid, which, 
however, as the earth cooled, again gradually deposited its solid parts in 

granular strata, forming what is now known as sandstone. 

117. Thus we behold acting continually, in concert and by turns, the laws 
of chemical afiinity and of gravitation, in obedience to the latter of which the 
more compact substances had a tendency always to occupy the lowest place. 

Had this mode of formation thus regularly continued, the surface of the 
earth must have assumed a tolerably uniform shape; the eye would have 
beheld neither hills nor valleys; the main body of the earth would have been 
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covered all round by a shallow ocean, and this in its turn would have been 
enveloped by the atmosphere. The surface of the earth, however, is differ- 
ently formed. Eepeated disturbances gave to it a more varying exterior. 
And what may have been the cause? The very same powers of Nature, 
which, by the same laws, prevail up to the present day, produced under the 
peculiar circumstances of that period, phenomena now scarcely conceivable. 

118. The solid substances first deposited form what are justly called Jundamm^ 
taloT primitive rocks^ and the superincumbent deposits which occur in strata, 
are termed aqueous or stratified rocks; these generally consist of several 
dissimilar strata, forming together a stratified system. Whatever rocks ori- 
ginated within the same period we call coeval fo77nations, and hence we speak 
of the oldest, the secondary, and the modern formations. 

The crust of the earth, upon hardening and contracting, split into fissures 
and chasms similar to what we perceive frequently on a considerable scale 
in parched clay soils. The water entered these chasms, widening them more 
and more by its solvent power, and penetrated at last through the thin crust 
to the glowing interior mass. Let us picture to ourselves an immense quan- 
tity of water coming suddenly in contact with a red-hot surface — what must 
have been the result? The formation of a vast body of steam, which, 
by the intense heat, attained an extraordinary degree of expansive power. 
These vapours pressing in every direction with an irresistible force, raised 
the crust of the earth, puffing it up here and there in gigantic vesicles, 
which were finally rent asunder with a fearful crash, and from the opened 
abyss there poured forth the red-hot liquid mass. Convulsively propelled 
by the vapours thus liberated, it spread over the neighbouring surface or 
was formed into mountains surrounding the opening of the eruption. 

119. Let us now cast a glance on the present surface of the earth. How 
different do we find it from that regular form described in § 117 1 From the 
uplifted portion of the earth’s crust the waters liave flowed to the lower 
parts. The solids have separated from the liquids ; the former appearing as 
continents surrounded by islands, the latter as the sea. The land con- 
sists partly of stratified rocks, partly of an irregularly shaped mass, which 
has been forced up from the interior and slowly solidified, and which hence 
presents the appearance of an irregular mass of unstratified rock. The 
fissures that arose here and there in both formations were filled up with 
softer rocks or ores, anti in this manner originated veins, (Comp. § 108.) 

We have now recognised water and fire as the two grand agents by which 
these wonderful changes have been accomplished, and hence we call the 
one Neptunic^ or water formations, and the other Plutonic, or fire formations, 
from the mythological representatives of water aii4 

120. The mountains of this period of primitivi^ fetation were not of con- 
siderable altitude, nor the seas of any great depth. ^The localities which had 
become dry were gradually covered with plaufe, and perhaps at the same 
period animals were created. Considering the thinness of the earth’s crust at 
that time, both land and water must have possessed a higher temperature than 
at the present time, and hence only those beings were created that were capable 
of existing under such conditions, Fuci, polypi (corals), are the principal 
remains of the first living creations found in the oldest strata, then formed. 

121. It is uncertain how long after this first revolution the earth’s crust 
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remained in the condition then acquired. It maj have been hundreds or 
thousands of years. The thickness of the strata gradually deposited, and the 
successive generations of animals, the remains of which lie over each other in 
the later formations, afford only relative indications with respect to this subject. 

It is, however, certain that the first revolution was not the only one. 
Although the crust of the earth increased in thickness by its continual cooling, 
still the same causes have effected later eruptions, the essential phenomena of 
which we have already described. The tension and pressure of the vapours 
must, however, have become much greater from the increased thickness of 
the crust that confined them, and consequently the now compact strata have 
been raised to a much greater height, and the quantity of massive rock forced 
up through the openings has been much greater, and piled up higher than 
on their first formation. 

The massive rocks of the earlier formation must, however, have been 
frequently pierced by those of the subsequent periods, while the reverse of 
course could not take place. The waters destroyed at the same time a great 
part of the rocks and deposited them again in strata, the vegetable and animal 
world was overwhelmed, and here and there buried and fossilized. (§ 112.) 

122. Thus several revolutions followed each other at increasing intervals 
of time. For each later one a greater lapse of time was required in propor- 
tion to the increasing thickness of the crust of the earth, before new fissures 
allowed the water again to penetrate into the interior of the earth. The re- 
sult was, however, all the more powerful, and the displacement of the strata 
previously formed, as well as the rising masses of Plutonic rocks, were so 
much the more considerable. It is an ascertained fact that the higheBt 
mountains of the earth, the Andes, Cordilleras, Alps, &c., are at the same 
time the most recent, that is to say, the latest which have been upheaved. 

123. Each of these mighty revolutions was terminated by the closing up of 
the fissures and chasms in the crust of the earth, partly through the continued 
cooling of the interior mass, partly by being filled up by aqueous or muddy 
deposits from without. In some places this was effected perfectly, in others less 
so, and probably in the latter a new eruption was occasioned at a later period. 

But even after the termination of the last general upheaval not all the fis- 
sures, leading to the interior, were perfectly closed. In isolated localities where 
these chasms happened to be very wide, or where mighty rocks accidentally 
had left gaps between them, these openings into the interior were preserved and 
exist up to the present day. They might, properly be compared to the shafts 
of our chimneys which lead from the exterior of a house to the fire-place. 

Such openings in the earth are called volcanos^ fig. 1 7. Their operations and 
effects are pretty well known and easily understood from the previous statements. 
If their shafts were empty we shoidd be able to look down them to the glow- 
ing bowels of the earth ; but these hollows or craters are covered with cooled 
and hardened masses of rocks called lava, and with other volcanic formations. 

From time to time the waters, in a manner not very difficult to explain, 
find access to the interior of these volcanos. The steam produced suddenly 
expands and causes what we call earthquakes, the convulsive effects of which 
frequently extend to great distances. They generally precede an eruption. 
The increasing tension of the steam will at last force the glowing mass upwards, 
tc^etber with its soM cover. The repeated rising and Ming of the great 



17. View of Barren Island, in the Bay of Bengal. 

which may be compared at times to the continued rollings, and occasionally 
to the single claps of thunder. The red-hot and liquid mass being forced up 
finally to the mouth of the crater, its cover is immediately burst and thrown 
up towards the heavens, its fragments and dust being scattered in the air, and 
carried by the winds, as volcanic ashes, often to a distance of many miles, fig. 18 . 
The glowing mass then rises more slowly and flows as a stream of lava over 
the margin of the crater, destroying irresistibly everything that lies in i^ path. 
This terrific moment of the revolution includes, however, at the same 
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18. Crater of Vesuvius in 1829. 


time the conditions of its termination. The steam having escaped, the calm 
in the interior is restored, and the ejected lava flows out more slowly ; finally 
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the progress of the stream-is interrupted, and the lava begins to harden, while 
the interior mass sinks down again to its original depth. Only steam, sul- 
phurous vapours, &c., still escape from the crater, and hot fountains spring 
forth in its neighbourhood, indicating that all below is still glowing. A. von 
Humboldt truly designates volcanos as the safety-valves of the earth’s crust. 

The steam which escapes from the active volcano forms above it a cloud 
of dazzling whiteness, and gives ^ise to electric phenomena of the highest 
order. Continual discharges of lightning followed by thunder, impart to it 
the character of a thunder-cloud ; and the more so as it is generally accom- 
panied by a heavy shower of rain and mud, which pours down in torrents 
upon the surrounding neighbourhood. These electrical discharges represent 
on a large scale a recently-observed fact, that vapour escaping from a steam- 
boiler possesses highly electric properties. 

124. The environs of volcanos are covered with the remains of older and 
more recent streams of lava, which by decomposition yield a most fertile soil, 
and hence a most luxuriant vegetation surrounds the bases of all volcanos. In 
spite of the dangerous proximity, several villages have been built near Mount 
Vesuvius within the reach of its destructive activity. Moreover, in the 
neighbourhood of volcanos minerals are now in daily progress of formation, 
either crystallizing from the glowing mass, or being formed by the decom- 
posing influence of the rising acid vapours upon other rocks. Hence in 
these localities a large number of minerals is to be found. 

In course of time, however, all volcanos seem to become extinct, as is the case 
already with many. Thus, for instance, the so-called Eifel, between the river 
Aar and Treves, consists of a group of volcanic elevations. Lake of Laach, 
near Andernach, is the crater of an extinct volcano, filled with water, the 
whole surrounding country bearing characteristic evidence of volcanic origin. 

The external form of volcanos is very peculiar, and generally conical. They 
are, in fact, gigantic air or steam vesicles which have been upheaved from 
below, and finally elongated to an apex, at the termination of wdiich the steam 
and gas broke through. But such a disruption h^jis not taken place in every case. 
We find a great many conical mountains that never were active volcanos : in 
these cases the force acting from below was not sufficiently powerful to pierce 
through the crust ; the glowing mass w^as hardened inside before reaching the 
surface. Indeed, we frequently find in the centre of such conical elevations, 
consisting of stratified rocks, a mass of Plutonic rock, particularly basalt. 

125. In Europe there are no active volcanos of importance, with the 
exception of Mount Vesuvius, Etna, and Stromboli, in Italy, and^^ those in 
Iceland, among which Mount Ilecla is the most celebrated. The eruptions 
of the above-named volcanos following each other at continually greater 
intervals of time, though still formidable to the nearest neighbourhood, do 
not now extend over any considerable extent of country. History, however, 
records several instances of terrible volcanic disturbances, which proved 
destructive to entire districts, and even to whole dbuntries. Thus in the 
year^ a.d. 79 the flourishing and rich cities of Herculaneum and Pompeii 
were buried beneath volcanic ashes. Lisbon was destroyed by an earth- 
quake in the year 1755, and even more recently most fearful instances of de- 
struction by earthquakes have taken place in South America. In that part of 
the world there are entire groups of volcanos, from the position of which L. 
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von Buch has pointed out, that they stand on the fissures of former disruptions 
of the earth’s crust, and have interior connection with each other. The most 
celebrated volcanos of America are — the Jorulla^ in Mexico, which arose in 
1758, and Cotopaxi, of the chain of Andes. The latter volcano, which 
is 17,662 feet in heiglit, now and then sends forth great masses of mud and 
quantities of fish, thus proving in a remarkable and convincing manner its 
internal connection with the ocean. 

126. Hitherto we have directed attention only to one of the phenomena 
that resulted from former revolutions of the earth, namely, the volcanos. 

Let us now return to other phenomena, and consider first the development 
of animal and vegetable life. It is clear that organic growth could proceed 
in a proportionately larger scale, the longer the periods were that elapsed 
between the succeeding disturbances. Plants and animals made their 
appearance not only more plentifully but also in greater variety. Palms and 
coniferous plants appear in addition to ferns and cquiseta, and batrachians 
and other amphibious animals, in addition to fishes. Intermingled with 
these the Crustacea appeared in immense numbers. Thus the more perfect 
creatures followed in due order upon the imperfect, since the existence of 
the latter formed the indispensable condition of that of the former. 

A certain change likewise took place with regard to the formation of 
rocks. The deposition of the insoluble and difiicultly-fusible combination of 
silica and alumina in the primitive rocks was followed by the gradual depo- 
sition, amongst the medico val rocks, of beds of limestone, gypsum, rock-salt, 
and of cbal, the remains of the destroyed vegetable kingdom of earlier ages. 

127. It is, therefore, natural that, in contemplating the crust of the earth 
a series of dificrent strata should present themselves to us, having a peculiar 
and definite character according to the period at which they were formed. 
As in all essential points tlio same phenomena had occurred over the whole 
surface of the earth, it follows that the coeval formations of its crust must be 
everywhere ccpial or similar. Experience has, on the wdiole, confirmed this 
inference, though, in some instances, the proof is often difiicult and some- 
times impossible to obtain. Thus, in every locality, schistose rocks form the 
lowest or oldest strata. In other cases many deviations are found; for 
example, entire series of rocks which arc met with at certain places, and 
entirely wanting in other localities ; this is, however, after all but a local 
deficiency, and, therefore, of minor importance. We shall see that water 
was /reciucntly the cause of the destruction of such series in some localities, 
while they were preserved in others. 

Synopsis of Formations. 

1 28. The term formation by the Geologist is applied to any portion of the 
earth’s crust, of greater or less thickness, which arose under the same con- 
temporary influence. Formations, which, in consequence of their close 
proximity, stand in mutual relation to each other, are considered by the 
geologist as connected groups. The separate layers constituting a formation 
are called Its members. 

129- The formations of the various Neptunic and Plutonic rocks, cannot 
be easily reviewed at the same time, on account of their different external 
and internal condition, although every aqueous formation must correspond 
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with a preceding igneous formation. Greenstone and porphyry which have 
broken through granite are as certainly of later production than granite, as 
greywacke and coal that overlie the slaty rocks are of more recent origin 
than these rocks. 

It would, perhaps, be most convenient to designate the different periods 
of formation by those massive rocks, which were then produced, and thus to 
classify the entire construction of the earth’s crust into the periods of the 
elevation of granite, of greenstone, of porphyry, and melaphyr, of basalt iind 
of volcanos, and treating, intermediately, of the aqueous formations as they 
were slowly and successively deposited. In all geological systems, however, 
the terms have been chosen from the stratified rocks, partly because the 
latter were first examined scientifically, partly because the massive rocks are 
not everywhere defined with desirable certiiinty. 

130. In the following Table we meet with peculiar terms, some of which 
are merely accidental, without particular meaning, while others indicate an 
essential member of the group, as, for instance, the names — keuper, 
(variegated marls), red sandstone (new and old), lias, fossiliferous limestone 
(muschelkalk), &c. 
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Quaternary Bocks . | 
Tertiary .... 

Secondary . . . . l 


9. Diluvial and ) 

Alluvial } Deposits. 

8. Molosso (comp. § 142). 
7. Chalk. 

6. Jura. 

5. Trias. 

4. Zochstcin. 


3. Coal. 

Transition Rocks . 2. Greywacke. 

^Primitive Bocks . . 1. Slate. 


E. Interior mass of the earth. 


f A. Granite, 
n. Greenstone. 

C. Porphyry. 

D. Basalt. 

E. Volcanic Rocks. 


M. The Sea. 

0. Mineral Veins. 
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Stotematio Arbanoement of the Formations (bepnning with th6 oldest). 


Aqueous Foriiations. 

(Neptunic, Normal^ or Stratified Formi^on; Stratified Rocks.) 

lONEOUS FOBMATIONS. 
(Plutonic or Volcanic, Abnormal 
Formation; Mamve Rocks.) 

Groups. 

Formations. 

Oldest Appellation, 
according to 
Werner. 

Groups. 

Most important 
Rocks ot tlicsc 
Gioupa 

I. 

Slate-Group. 

Clay - slate, Mica- 
slate, Gneiss. 

1* 

Primitive Rocks. 
(Urgebirge.) 

A. 

Granite- 

Group. 

Granite, 

Graniilite, 

Syenite. 

II. 

Greywackc-Group. 

Upper and Lower 
Grcywacke forma- 
tioii. 

2. 

Tmnsition Rocks. 

B. 

Greenstone, 

Serpentiuc. 

III. 

Carboniferous- 

Group. 

New Red Sandstone, 
Coal-bed formation, 
Mountain - Lime- 
stone formation. Old 
Red Sandstone. 


Greenstone- 

Group. 

IV. 

Zcchstoin-Groiip. 

Zechstein formation. 




V. 

Trias-Group. 

Keuporand Fo^silifer- 
ous Lime lormatioii, 
Variegated Sand- 
stone formation. 

3. 

Secondary or 
Stratilied Rocks, 

C. 

Porphyry- 

Group. 

Fclsite-por- 

pliyry, 

Pitchstone- 

porphyry, 

Molaphyr. 

VI. 

Jura-Group. 

VII. 

Chalk-Group. 

Jura formation. Lias 
formation. 

Chalk Ibrma., Green 
Sand foimiation. 
Weald formation. 

(2d formation.) 

D. 

Basalt-Group. 

Basalt, 

Phoiiolite, 

Trachyte. 

VIII. 

Molosso-Group. 

Upper Brown Coal 
formation, Coarse 
Limestone forma- 
tion, Lower Brown 
Coal formation. 

4. 

Tertiary Rocks. 
(3d formation.) 

E. 

Volcanic- 

Group. 

Lava, 

Scoria, 

IX. 

Diluvial and 
Alluvial Groups. 

Alluvial formation, 
Diluvial formation. 

6 . 

Quaternary 

Rocks. 

(4th formation ) 

Volcanic Mud 
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Fig. 20 affords a general idea of tlie configuration and arrangement of the 
various species of rock and veins. 


1. Granite. 

2. Gneiss. 

3. Mica-slate. 

4. Syenite. 

5. Serpentine. 

6. Porphyry. 

7. Granular Marble. 

8. Chlorite Slate. 

9. Quartz Rock. 

10. Greywacke. 

11. Sandstone. 

12. Limestone. 


13. Shale. 

14. Calcareous Sandstone. 

15. Ironstone. 

16. Basalt. 

17. Coal. 

18. Gypsum. 

19. Rock Salt. 

20. Chalk. 

21. Amygdaloid. 

A A. Primary Mountains. 

B B. Secondary Mountains. 
a a. Veins. 


131. In the study of the stratified rocks the only correct method will be 
to proceed from the oldest to the most recent formation ; first, because tliis 
method corresponds with the progress of the development jj^f the earth and 
of its productions ; and, secondly, because the description of more recent 
conglomerates, if they contain displaced fragments of older stratified rocks, 
previously undescribed, could not be rendered perfectly clear. 


A.— AQUEOUS FORMATIONS. 

Nici'tunic, Normal, or Stratified Formations. 

1st Group — SLATES. 

Piimitive Rocks, 

132. The slate-group has been given in the table of classification § 130 
amongst the acjueoiis formations, although, from the way in which it origi- 
nated, we ought to class it amongst the igneous formations. In that case it 
ought to precede the granite-group. We class the slates among the stratified 
rocks liecausc they were designated in § 1 1 5 as the first solid layer or crust of the 
once entirely fluid globe, which was however soon broken through by granite. 
Hence the slate rocks ought to be met with everywhere, if immense masses 
of the stratified formations had not covered ^ them. They arc, however, 
distributed over the whole surface of the earth, and constitute the principal 
part of a great number of mountains. 

Other massive rocks frequently penetrate through the rocks of the slate- 
group, especially greenstone, porphyry, and granite. We also frequently 
find in them veins of ore. 

The three principal rocks of this group are clay-slate, mica-slate, and 
gneiss. 

Clay-slate (§ 84), of which the common roofing slate is the purest kind, 
occurs in great variety. It is not so rich in mineral veins, and is less gene- 
rally distributed than the two other rocks. Great masses of it occur in 
Wales, in Cumberland, about Loch Lomond, in Scotland, and in many parts 
of Germany. 

133. Mka-slatei^ 85) is very important from the mighty masses in which 
it occurs. It forms large mountains with projecting ridges or jagged sum- 
mits and precipitous ravines. A great part of the Swm and Tyroleco Aipo 
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consists of this rock, which is moreover the prevailing constituent of the 
Sudets^ the Biesm-^ Erze-j and Fichtel-Gebirge, It is very abundant in Scot- 



21. Mountiiins of Mica-slutc and Granite, Glen Sannox, Island of Arran. 


land in tlie mountains that extend from Argyllshire towards Aberdeen. In 
the neighbourhood of the places where granite and porphyry break througli 
it, it generally contains rich veins of ore, which lead to important mining 
operations. 



22. Contorted Mica-Slate, Island of Arran. 


Chieiss, which holds an intermediate position between mica-slate and 
granite, occurs in a great variety of forms, and is rich in mineral veins, par- 
ticularly where it is penetrated by porphyry. This rock is widely distributed, 
and forms entire mountains in many parts of the continent of Europe^ espe- 
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cially in the alpine districts, where it is commonly associated with granite. 
It is also abundant in Scotland. 

2d Group— GREYWACKE. 

Transition Rocks, 

134. The term transition rocks, applied to this group, shows, that we 
have arrived at the confines of the decidedly-stratified formations. These 
rocks exhibit, in fact, the character of the first crust of the earth, which we 
have, in § 118, designated as primitive rocks. 

The most important members of this group are greywacke-slate and gre^ 
wacke- sandstone, which are associated, particularly in the upper parts, wi%. 
masses of limestone and dolomite. The name of this group is derived from 
a species of finely-grained gray-coloured sandstone, of which detached and 
compact pieces called “ Wacken” are found in Germany lying about on the 
fields. . . 

Gi'eijwache has been found distributed in large masses ; through various 
parts of Europe, especially in the interior of Bohemia and in the Tyrolese 
Alps. It occurs likewise in several other quarters of the globe. It is 
abundant in the south of Scotland at Leadhills. The valleys of the grey- 
wacke-group are mostly very winding, as, for instance, those of the Mosel 
and of the Aar. 

Tlxe greywacke-slates constitute a part of the slaty mountains of the Ehine, 
and pass, in some places, into common slate, which is fit for roofing. This 
formation contains, especially in England, Anthracite (§ 30), a coal which is 
difficultly combustible and consequently little used. It possesses a perfect 
mineral appearance. 

In many places fossils are found abundantly in the upper members of this 
group, while the lower contain but few of them. They are chiefly Polypi, 
Mollusca, and the so-called Tnlohiies, which are the remains of extinct 
crustaceous animals, resembling the wood louse. Fishes and plants appear 
lierc more rarely. 


3d Group— coal FORMATION. 

135. We have now to consider one of the most important of the various 
formations, since it includes coal as its essential member, a mineral which, 
as fuel, has become indispensable to m<an for domestic and industrial purposes. 
This group begins with a coarse conglomerate, consisting of the fragments of 
older rocks, and never containing basalt, limestone, or flints, and which, on 
account of its peculiar colour, is called Lower New Red Sandstone (Eothlier 
gendes). This attains to the thickness of even 3,000 feet, and occurs some- 
times on the flanh^of high mountains, and sometimes constituting by itself 
mountainous masses, as in the Thuringian forest and the Hartz mountains. 
Very few impressions of plants are found in this rock. 

Upon this lower new red sandstone follows the coal formation. It consists 
of beds of coal from a few inches to 20 feet (and rarely more than 40 feet) 
in thickness, and frequently alternating with a peculiar grey saudStOM 01 
dark day-slate (schieferthon). In this order from 8 to 120 or more beds of 
coal frequently overlie each other, of which, however, only the thicker ones 
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repay the trouble of working. Bene 0 .th the coal lies the gre^ache of the 
preceding group. 

The outcropping of the coal formation at the surface of the earth occurs 
almost entirely in hilly districts ; in extensive plains it is rarely found, or 
the beds are too far below the surface to be discoverable or even to be 
reached by boring. 

Coal appears not to have been formed equally in all places during the 
period in which it originated. The remains of plants found in this stratum 
lead us to infer, that, during that period there existed an exceedingly vigorous 
and crowded vegetation, consisting principally of tree ferns and cquisetaccaj, 
of which the Sphenopteris Hceninghausii (fig. 23), Pecoptms aquilma (fig. 24), 
and Nmroptem Loshii (fig. 25), are amongst the most beautiful that have 



23 . 24 . 25 . 


yet been discovered. Tliese remarkable plants must have presented an 
aspect essentially different from that of our present forests. It is probable 
that vegetation was not everywhere equally vigorous and dense to give rise 
by its destruction to beds of coal. Hence it is very possible, nay, even 
probable, that, in some localities, the other members of this group may be 
found in succession without any beds of coal between them. 

It has been generally observed, that the beds of coal are partially en- 
closed by hills, as in a sort of trough, similar to the position of the molasse 
(§ 142), from which it would appear, that vegetation was particularly 
luxuriant only within these mountain gorges, and couldH)nly have formed 
considerable deposits of coal at such places. The preceding statements 
afford indications to guide us in searching for coal wherever we may suspect 
its presence. If the part of the country be composed of primitive mountains 
or of Plutonic rocks, which we have designated in fig. 19, under letters 

A to E, we may, with certainty, conclude that coal is absent If stratified 

formations of great thickness be present, it is not likely that we shall find 
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coal at an accessible depth ; we may, however, probably find it where the 
aqueous formations, bordering upon the massive rocks, have been elevated 
and uplifted by these, in such a manner that the lower strata approach the 
surface or even become exposed to our view. 

Our search after coal is encouraged by the presence of red sandstone 
aud greyw^cke, because these formations generally border on beds of coal. 
If, moreover, the surrounding hills of massive rock should form a basin, the 
hope of finding coal is all the more well founded, and repeated boring should 
be resorted to. 

13 C. The coal-beds of Germany are not very numerous, nor is 
the cod of the best quality. It is in Great Britain that the best coal is 
most abundantly found, particularly in the neighbourhood of Newcastle- 
on-Tyno, in Staffordshire, and in Lanarkshire. Coal is also met with in 
Belgium and the neighbouring parts of France, and at Dombrowa, in 
Poland. The members of the coal-group have been found generally spread 
over America, Asia, and even Australia. In South America coal was 
discovered by Humboldt at a height of 8,000 feet above the level of the 
sea. The total amount of coal raised annually in Europe exceeds 700 
millions of cwts., of which England alone contributes about 450, and Germany 
about 40 millions. 

The mountedn limestone, which accompanies the coal formation, is a mineral 
of considerable importance. It usually includes extensive metallic deposits. 
This is the case in Belgium, in Derbyshire, and in Scotland. Near Glasgow, 
it is accompanied, not only by coal, but by immense masses of clay ironstone, 
and in the smelting of iron from that ore, the carboniferous limestone is used 
as a flux. It forms very beautiful dark-coloured marbles which admit of a 
fine polish. Organic remains are very abundant in it, of which the follow- 
ing may be cited as characteristic specimens : — 



29. 

26. Bellerophon costatus. I 28. Productus Martini. 

27. Spirifer glaber. | 29. Orthoceras lateralis. 


4th Group— ZECHSTEIN. 

137. Of all the strata constituting the crust of the earth, that of Zechstein 
has been found up to the present time the least distributed. In the north-east 
of Germany, and cspeoicdly in the county of Mansfeld, in Sasony, between 
the sandstone of the preceding group and the conglomerate of the following, 
there lies, sharply defined, this group, the most essential member of which is 
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a dark bituminous marl-slate rich in copper ores, whence it has received the 
name of Copper-Slate, It is worked extensively for copper. The Zechstcin- 
group contains but few species of fossils ; but these few occur in great quan- 
tities : they are all of marine origin, and consist of corals, shells, and fish. 

The upper members of the Zechstein formation occasionally contain 
gyp&im^ which occurs in some localities in considerable masses, as, for 
instance, on the south of the Hartz mountains. It is often also accompanied 
\yy vQck-mU, The salt-works of Northern Germany depend, 'therefore, upon 
the produce of the Zechstein formation. In the neighbourhood of Eislebcn 
and Eisenach many caverns ate found within the gypsum beds, which 
probably arose from the previous existence of rock-salt in them, which, in 
course of time, was washed out by the action of water. 

5th Guoup— TRIAS. 

138. The name of this group is derived from the fact of its consisting 
of three members. They occur in Thuringia and Swabia; the entire 
Black Forest belongs to it, as well as the opposite Vosges Mountains, 
between which the Rhine has excavated its vast bed. 

Gypsum and Rock-salt are characteristic of this group, the upper part of 
which, called Keuper, contains them in great abundance. Thus in Wiirtem- 
berg all the salt-works are supplied from it, as, for instance, those at Halle, 
Frederichshall, Diirrheim, Wimpfen, &c. 

Another member of this group is Muschelkalh, or fossiliferous limestone, 
which has received its name from the great quantities of shells it con- 
tains in separate layers. 

The lowest and most abundant member of this group is the Variegated 
Saiulstom, (bunter sandstein), which is of a red, yellow, or white colour, and 
is very abundantly distributed over the continent of Europe. The thickness 
of its beds varies from 400 to (500 feet, and occasionally reaches to 1 ,000 feet. 

The decrease of fossils in the trias-group is very remarkable. The keuper 



91. 82. 33. 


Fossils of the Tbias-Gkoup. 

30. Ammonites nodosus. I 32. Possidonia minuta 

31. Avicula socialis. | 33. Encrinites moniliformis. 

R 
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and the variegated sandstone are especially poor in these remains. They 
are numerous in the fossiliferous limestone (muschelkalk), but less rich in 
species than in Jura. Bivalve shells predominate, and the ammonites and 
belemnites, so frequent in the latter, are entirely wanting. We must mention, 
however, the ceratites, as belonging exclusively to fossiliferous limestone. Of 
fossil plants we find ferns, and the various species of equisetaceas, in all the 
members of this group, down to the variegated sandstone. Remains of fish 
and amphibious animals are rarely met with. 

In certain layers of the variegated sandstone there have been discovered 
hardened footprints, of which it is doubtful whether they belong to mammalia, 
to birds, or to amphibious animals, the latter being the most probable. At 
Hessberge, near Hildberghausen, in Saxony, unmistakeable impressions of 
the feet of quadrupeds have been discovered in the grey sandstone of that 
neighbourhood. (See fig. 34.) 



34 


6th Qrodp— jura. 

139. The Jura mountains, which rise from 4,000 to 5,000 feet, have given 
the name to this formation, which has been found pretty abundantly distri- 
buted all over Europe. Limestone is its principal member, which occurs 
alternately with dolomite, marl, clay, and sandstone. In the upper strata 
a lighter-coloured limestone prevails, which turns white when exposed to 
the air, and contains corals, while among the lower strata dark-coloured 
limestones and marls predominate. 

In Germany, the Swabian Alps, extending through Bavaria and Franconia 
up to Saxony, belong chiefly to the Jura-group. This formation is famous 
for its numerous caverns, containing deposits of bones. It also contains those 
compact tabular limestones which are important in their application as litho- 
graphic stones. These are found at Solenholfen in Pappenheim. 



35. Ammonites Bucklandi. 36. Belemnites mneronatus. 
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The lowest member of the Jura-formation has received its name, Uas^ from 
the corruption of the word layers. * 



Fossils are exceedingly plentiful throughout the entire formation, particu- 
larly mollusca, amongst which there are many cephalopoda, both Ammonites 
(fig. 35) and BeUmnites (fig. 36), vertebrate fish, and saurians; of which 
the winged lizard {Pterodactylus^ fig. 37) is perhaps the most remarkable 
member. In the lower strata marine plants are found. 

The soils produced from the Jura-foimation are fertile, with the exception 
of those derived from limestone and dolomite. 

7T1I Group— CHALK. 

140. While the formations of the preceding groups make their appearance 
in more distant localities, and pjixticulariy where the natural conditions of 
alluvial and diluvial action existed on a more or less grand scale, we find the 
members of the cretaceous group much more independently and continuously 
distributed. It consists of a defined series of Lime-, Marl-, Sand-, and Clay- 
Strata, the uppermost of which contain the remains of marine animals, and 
the lowermost those of land plants and fresh-water animals. 

Chalk includes a series of groups, to which the Zechstein, Trias, and Jura- 
groups belong, and which Werner designated as Secondary mountain forma- 
tion. The most striking characteristic of the secondary mountain formation 
is the absence of the fossil remains of birds and mammalia, which indicates 
that it originated under physical conditions essentially difierent from those of 
the present time. 

The Chalk-group has been found not only in almost all countries of 
Europe, but sdso in various parts of Asia, Africa, and America. Europe, 
during its formation, seems to have been almost entirely covered by the sea. 
The rocks of this group form a hiUy, or mountainous country, but the 
mountains never attain to any considerable elevation. 

141. The most distinguished and characteristic member of the group is 
Chalky which attains a thickness of from 600 to 900 feet. It passes from 
white chalk into chalk-marl and limestone, of different degrees of hardness 
and purity. Chalk-soil is generally barren. In France, there are extensive 
plains of high and waste table-land consisting entirely of chalk. 

It is remarkable that FUnts are invariably associated with chalk, in which 
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they are contained in the form of nodules of various sizes and shapes. A 
closer investigation has shown them to consist of the silicious shells of in> 
fosoria. The fossils of this group are exceedingly numerous, especially those 
of deep-sea animals. 

Among the lower members of the chalk-group important strata of sand- 
stone make their appearance, and are known in England as greensand, from 
being coloured by grains of green earth. In Germany it is termed Quader- 
sandstein, on account of its splitting into large square masses. It is found 
particularly in Saxony, where it forms the remarkable and picturesque 
ravines and precipitous rocks of the district near Dresden, known as the 
Saxon Switzerland. 
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8th Group— MOLASSE. 

Tertiary Rocks. 

142. The name of this group is derived from a coarse and loose sandstone 
which belongs to it, and occurs in Switzerland, where it is called Molasse : 
it frequently contains large fragments of other rocks, firmly cemented to a 
compact mass, named ^^Nayelfivh^^ ^d which rises, for instance, on the 
Rigi, to a height of 6,000 feet, ^ternating with strata of Brown-coal and 
Calcareom Rocks, this group forms the margin of the Alps. 

During the period when this group was formed, several large bays or gulfs 
of the sea seem to have been gradually filled up, in which sand, gravel, and 
marl, with fossils of fresh-water animals, form the principal portion of the 
upper strata, while in the middle strata a coarsely-grained limestone, termed 
Grohkalk, and an admixture of granular green earth, and a variety of 
terrestrial and marine fossils, prevail. The lower strata are composed of Clay 
and Brown-coal. In different localities, however, various deviations from 
this arrangement occur. 

It is worthy of remark, that several capitals, such as London, Vienna, 

Mayence, and Paris, are situated 
in the centre of such filled-up 
basins. Amongst the fossils of 
the Mayence basin, the Dinothe- 
rium is the most remarkable 
which has yet been discovered. 
It is a gigantic animal, similar 
to an elephant, with two large 
tusks curved downwards firom 
the lower jaw (fig. 43). In the 
London basin clay predomi- 
43. Dinotherium giganteum. nates, whilst the basin of Paris 



44. Fauna of the Epoch of the Paris Basin, 
a Palseotherium magnum. c Anoplotherium commune. 

h FaisBothorium miuusi d Crocodile. 
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furnishes an excjellent material for millstones. In the gypsum quarries, near 
Paris, a large number of marine fossils occur, amongst which about 1,400 
extinct species of mollusca have been enumerated. 

143. Except in Switzerland, the Molasse does not rise to any considerable 
altitude. In the north of Germany, in Bohemia, in the Wetterau, &c., the 
Brown-coal formations predominate, while the middle stratum of Grobkalk 
is wanting. In the place of the latter a characteristic associate of the lower 
section deserves our notice; it is a Sandstone^ distinguished by its great com- 
pactness, and as being distributed in large blocks, often strikingly rounded 
off, over all the north of Germany. 

Brown-coal occurs more frequently in fiat countries and nearer the surface 
than in those which are at a greater altitude, where greater masses of allu- 
vial and diluvial deposits cover it, though even there it is found sometimes 
uplifted to the surface by massive rocks. In the neighbourhood of Basalts 
the Brown-coal is considerably altered, probably from the influence of heat. 
Its ligneous structure almost entirely disappears, and it acquires then more 
the appearance of ordinary coal. (Chem. § 167.) 

It has already been mentioned that well-preserved trunks of trees, leaves, 
fruits, and also amber enclosing insects, &c., are found in the beds of Brown- 
coal. Earthy Brown-coal, containing an admixture of alumina and iron 
pyrites, is worked for alum. (Chem. § 87.) 

9th Group— alluvial AND DILUVIAL DEPOSITS. 

144. Alluvial Formations, or depositions of soil from water, still take 
place every day under our own observation. Brooks and rivers continually 
denude from mountains and the margins of valleys more or less of their 
projections, according to the solidity of the rocks or soils, and the fall of the 
water. Thus the elevations of the earth, although imperceptibly, are never- 
theless continually and permanently diminished. 

The dislodged particles are deposited again wherever the streams flow 
more calmly. Amongst these we find such mineral substances as were distri- 
buted through the mountainous masses, those of greater specific gravity, as 
gravel and pebbles, being, of course, deposited first, while fine sand and 
clay are carried farther on. Thus gold and precious stones, and also 
tin-ore, are congregated in many localities of the alluvial and diluvial for- 
mations, and may there be obtained, while to search for them in the moun- 
tains from which they are derived would scarcely pay for the cost of labour. 

The greatest alluvial deposits of the mud and sand of great rivers are 
the so-called Ddtas^ which are triangular islands formed at the mouths of 
those rivers, and dividing them into many branches ; as is the case with the 
Nile, the lihine, and the Danube. 

Great lakes have also been gradually filled up with alluvial deposits from 
the streams running into them. 

The sea also continually destroys one line of coast and reconstructs another, 
(see figs. 45 and 46,) and in some localities the formation of a new marine 
sflndstoiiG or limestone has been obserred going on gradually from the 
deposits of evaporated sea-water, and from the remains of finely-divided 
shells. This is the only kind of rock which has hitherto been found to con- 
tain the remains of man ; a human skeleton having been discovered em- 
bedded in this rock on the island of Guadaloupe. 
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Moreover, formations of cakareom TuJfdj of by no means inconsiderable 
extent, belong likewise to the present peribd. The carbonate of lime, which is 
held in solution in great quantities by the waters of many brooks, lakes, and 



45. Action of the Waves on Precipitous Rocks. 



46. 47. 


Examples of Rocks worn by the Sea. 

swamps, containing an excciss of carbonic acid, is deposited, when a portion of 
the carbonic acid escapes into the air (Chemistry, § 80. ) A coating of carbonate 
of lime is thus deposited upon all the objects in the water, a rock being 
gradually formed, which is at first loose and soft, but hardens by exposure 
to the air, and in this state forms an excellent building material. Such is 
the famous Travertine found in a swamp near San Philippo, in the neigh- 
bourhood of Rome, where a layer of this rock 30 feet in thickness has 
been formed within 20 years. Silicious springs, like those near Karlsbad, 
and the famous hot-springs of Iceland, the Geysers (tig. 48), deposit S^icious 
Sinter. Moreover, the layers of Bog Iron-ore {Baseneisenerz) deposited from 
chalybeate waters, and the saline crusts occurring here and there on the 
shores of the sea, or on the banks of lakes, marshes, and swamps, by their 
partially drying up, are by no means inconsiderable. 

145. Of greater importance, however, are the Turf or Peat Bogs, the 
origin of which, being comparatively modem, has already been described in 
the Chemical section of this work (§ 166). They occupy the lower levels, 
such as the plains of Ireland, Holland, Prussia, Hanover, and Denmark. 
Weapons, and other objects made by man, are sometimes found deeply im- 
bedded in these deposits of peat — for example, Celtic weapons are frequently 


870 


OEOX^OGT. 


found in the bogs of Ireland ; and on one occasion, the wooden bridge, con- 
structed by Germanicus when penetrating through the Netherlands into 



48. The Geysers of Iceland. 


Germany, was brought to light. The formation of Peat may be traced back 
to the older period of the diluvial and molasse formations, forming there a 
transition into Brown-coal. 

The Beds of Infusoria must be viewed in the same manner. The remains 
of an almost invisible world of the most minute infusorial animalculsc, with 
shells or shields around them, consisting of silicic acid, are deposited in 
layers, which form a friable mass of rocks, which have been described under 
the names of Tripoli, Polishing Slate, and Kkselguhr, The annexed diagram 
(fig. 49) represents a few of the best defined species which have been recog- 
nised by M. Ehrenberg, who has calculated that the space of a single cubic 
inch would contain upwards of 35,000 millions of such remains. In the ocean 
we find beds of corals which are built up from the bottom by Polypi, and 


a Desmidium apicnlosum. 
h Euastrum verrucosum. 
c Xanthidiuin ramosum. 
d Peridinium pyrophonim. 
e Gomphomcna lanceolata. 
f Hemanthidium arcus. 
g Pinnvdaria dactylus. 

A Navicula viridis. 
t Antinocyclus senaxius. 
j Pixidula prisca. 
k Gallionella distans. 

I Synedra ulna. 
m Bacillaria vulgaris. 
n Sponge spiculse. 
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gradually approach the surface of the water with their calcarcDus ramifica-* 
tions, thus appearing above the surface of the sea as coral ifeefe, and fre- 
quently constituting coral islands (fig. 50), which abound in the Pacific 
Ocean. 



50. Wliit-Sunday Island in the Paciiic. 


Among the Polypi which help to form coral reefs, we may cite the fol- 
lowing : — 



51. Cnr>’^ophyllca fastigiato. 52. Madrepora muricata. 53. Oculina hirtella. 


Considered collectively, the alluvial formations never reach a considerable 
thickness above the level of the sea, and they enclose only the remains of 
still existing plants and animals. 

146. Diluvial Formation. — ^This constitutes even more mighty masses 

than the preceding. It arose in pre-historical times as a deposit from numer- 
ous partid inundations before the existence of mankind; for it never is found 
to contain human skeletons or bones. We find among all nations obscure 
traditions of mighty fioods, which, like the Deluge^ described in the Bible, 
had covered a great part of the earth. 

> r2 


372 


GEOLOGY. 


The deposits which arose from those floods are of much greater depth than 
those deposited from seas and rivers. They occasionally attain a thickness 
of 200 feet, and are generally elevated about 1,000 feet, and sometimes as 
much as 2,000 feet above the level of the ocean. The whole of the lower 
countries of Europe, as well as some plains of smaller extent in its highlands, 
consist of this formation. Thus the whole valley of the Rhine is filled up 
with diluvial deposit, which consists of a fertile marly or sandy loam, called 
Loss : being too stiff to be washed away gradually by intersecting brooks, it 
is removed by being first undermined, and then it breaks down vertically, 
or loosens in masses. 

Diluvial deposits contain many remains of animals, not only of the exist- 
ing kinds, but also of several extinct species. Among the latter we find 
particularly large terrestrial animals, such as the mammoth, the cavern bear 
( Ursus spelams)^ &c. The accumulation of these fossil bones in many caverns 
is very remarkable ; as, for instance, at Muggendorf in Bavaria, Gailenreuth 
in Franconia, in the Baumanns and Biels caverns of the Ilartz^ in the Nebel 
cavern near Tubingen, and in several other localities. The presence of these 
fossil bones may have arisen from the fact of those caverns having been the 
places of resort of various carnivorous animals, or from the action of the 
floods by which the bones were carried there. 

147. During the period of the above-mentioned floods, the water de- 
tached and carried away (generally southward) immense masses of rock. 
In the great plains of Northern Germany, we find large blocks of rounded 
stone, principally of granite, lying about upon the diluvial deposits, and 
which we thence call, Erratic Blochs or Boulders, Nc granite can be 
discovered far and wide in their neighbourhood, nor at any depth below 
the surface. It is certain that these blocks must have been transported 
over sea, from Scandinavia or Finland, where mountains of the same kind of 
rock still exist, and they must therefore have been conveyed by immense 
icebergs, which deposited them on breaking up. The descriptions given 
by northern travellers, of the size of the icebergs still floating about in the 
polar regions, renders this not at all improbable. 

B. IGNEOUS FORMATIONS. 

Plutonic and Volcanic : Abnorbial Formations. Massive Rocks. 

148. In this division we have classed the groups of granite, greenstone, 
porphyry, basalt, and volcanic rocks, which are indicated in fig. 19, page 
355, by the letters A, B, C, D, and E. 

The massive rocks, not overlying each other in regular strata, but occur- 
ring only wedged, as it were, beside and into each other, it is generally very 
difficult accurately to separate the different groups ; moreover, the fossils 
which so much facilitate the distinction of the stratified groups, are entirely 
wanting in these rocks. 

Moreover, the massive rocks are distributed over the whole surface Of the 

earth more uniformly than the sedimentary rocks, a circumstance which may 
be explained by supposing them to have been similarly upheaved from the 
interior of the earth, and formed less under the influence of external and 
local circumstances than the stratified formations. 
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A. Granite-Group. 

Primitive Rocks. 

149. Qramte was long considered to be the true primitive or fundamental 
rock, an opinion which is generally received beyond the circle of scientific 
geologists. According to our previous statements, however, we consider it 



54. Mountains of Granite and Mica-slate, seen fron? the summit of Goatfell, in the Island 

of Arrau, 


merely as the first of a series of massive rocks, which in various subsequent 
periods have broken through the crust of the earth. 
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This rock occurs likewise in many varieties, of which granite, granulite, 
and syenite, are considered by geologists as the most important. 

Gramte (§ 87) is less distributed than the slaty rocks. It occurs principally 
in the form of mountains, and is rarely found in plains. The external con- 
figurations of granite are various, but peaked mountains and rugged isolated 
crags prevail, piled upon each other in great masses into picturesque groups 
of apparent ruins. Peculiarly characteristic are the large blocks, like wool- 
sacks, which often abound on the surface of granitic districts. These are 
large fragments of granite, the angular edges of which having been worn off 
by gradual disintegration, they remain as rounded blocks. Mineral veins 
are not frequent in granite, but ironstone and tin-ore must be mentioned as 
occurring in this rock ; accidental admixtures of several precious stones and 
laminsB of gold are likewise occasionally found. 

Granite abounds in the north of Scodand, in the island of Arran, in Wales, 
and in Cornwall. 

Granulite (§ 87) is found to a less extent, but under interesting circum- 
stances, at the northern foot of the Erzgebirge, in Germany. 

Syenite (§ 88) is found less widely distributed in Europe than granite, but 
is said to extend over large tracts of country in Chili, and at Mount Sinai. 

Syenite is often found ruptured by granite, whence it is thought to be of 
earlier formation than the latter rock. 



66. Corrie-an-Lachan, Island of Arran. 

The above cut exhibits another remarkable peculiarity in the scenery of 
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granite mountains, namely, the occurrence of a lake which fills what appears 
to resemble a volcanic crater.* 

B. Greenstone-Group. 

Trap-Formation, 

150. Greenstone, which difiers from the rocks of the preceding group, never 
occurs in extensive masses, nor forms entire mountains, nor even consider- 
able parts of mountains. It forms, on the contrary, small irregular masses, 
hillocks, blocks, and intricate veins or dykes, particularly in the. substance of 
granite, slate-rocks, greywacke, and sandstone. In general, greenstone, 
when it appears on the surface, forms small rounded summits, which, in 
districts of clay-slate, may be recognised even at a distance. The internal 
cleavage of greenstone is chiefly either nodular or spherical, being rarely 
seen split in the form of columns and slabs. Of the many varieties of green- 
stone those of Diorite (§ 89) and Serpentine 41) occur to the greatest extent. 
Mineral veins are rarely met with in these rocks, but they contain frequently 
ores, for instance, of iron, copper, and tin, as accidental admixtures, some- 
times in sufficient quantities to render them worthy the attention of the miner. 

C. Porphyry-Group. 

151. According to Leopold v. Buch, the various porphyries mu^t not 
merely be considered as a frequent cause of mountainous upheavals, since 
they also frequently rise up by themselves as considerable mountain masses. 
They have been found under the same circumstances in all parts of the 
globe, breaking, in trunk-likc masses, or in wide-spreading veins, through 
the granite and slate formations, and through the greywacke and carbo-» 
niferous groups of the secondary rocks. In their external appearance, the 
porphyries seem to be peculiarly adapted for the formation of rocky moun- 
tains, and frequently they constitute isolated hills in the midst of other rocks. 
They cleave into angular fragments, and frequently split into multiform 

* We borrow from Professor Ramsay the following tlCsScription of such a scene ; — 

“ Before descending to the coast, let the geologist turn aside to see a solitary mountain 
tani, in the silent recesses of Bcina lilhorroiiin. This little sheet of water is by far the most . 
picturesque of all the lochs of Arran, and is situated deep in a hollow, called Corrie-an- 
Lachan. This place is perfectly lonely; not a tree is near; and except the brown heath on 
its margin, and a few stunted rushes by the brook, the surrounding hills are almost bare of 
vegetation. The water is dark and deep, and the stormy blasts of the mountain never reach 
its still and unruffled surface. From its edge, on all sides but that towards the sea, rise the 
naked hills, whose sides are either formed of massive gi-anite blocks, which, though surely 
yielding to deca 3 % yet ofter a stronger resistance to the destroying influences of time than the 
softer portions of the mountain, where the decomposing ro^ may almost be seen slowly 
crumbling away. 

“A remarkable feature of the granite hills of Arran, is the Corrics (one of which is repre- 
sented in the cut). These may be frequently observed in the ridge between Brodick and 
Sannox, and in the hills of the interior. They generally present the appearance of a volcanic 
crater, part of one side of which has disappeared ; and the masses of granite which compose 
tliG encircling hills are frequentljr arranged in layers diverging from tlie centre of the Corrio 
according to the angle of inclination of the hill. For obvious reasons it will be evident to the 
mosiinexpericnccd observer, that there is no analogy between the Corries (Corrie= Cauldron?) 
and modern volcanic craters ; and it is probable that they owe their origin to the softer nature 
and earlier decay of the rock, with which at remote periods they may oven have been nearly 
filled. May not even the great glens owe their origin to the same cause ?” — Geology of (no 
Island ofArranj 8vo, Glasgow, 1841, page 50. 
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pillars and slabs. In their points of contact with other rocks, Breccias fre- 
quently occur (§ 96). 

A great many varieties of porphyry exist, amongst which pitchstom-por- 
phyry^ melaphyr^ and amygdaloid^ are the most important. 

Pitchstone porphyry occurs only in isolated masses. Mdaphyr and amyg- 
daloid are more widely distributed ; they do not, however, constitute exten- 
sive districts, but form small trunk-like masses and irregular veins in Upper 
Silesia, Bohemia, Saxony, Scotland, and in many other localities. 

D. Basaltic-Group. 

152. Basalt is an upheaved rock of so decided a character, that it is easily 
recognised even by the unpractised eye. Being of much later date than 
most of the secondary formations, or than the above-named massive rocks, it is 
found to have broken through them and penetrated even up to the molasse- 
group. Only the diluvial and alluvial formations have been formed since the 
appearance of basalt. 

Basaltic rocks frequently form lines of spreading hilly country, indepen- 
dent of chains of mountains ; or what is very characteristic, they constitute 
single dome-shaped elevations or conical hills in the flat regions of the strati- 
fied formations. They are distributed all over the globe, and in Germany 
they form a very remarkable basaltic zone, running from east to west. 

Isolated basaltic cones sometimes attain a height of l,0u0 feet, and present 
to the eye the most varied and graceful cleavages ; the basalt itself consist- 
ing mostly of regular hexagonal or pentagonal columns. 

The more important varieties are Phonolite (§ 93) and Trachyte (§ 94) ; 
which arc, however, rather rare, and occur mostly associated with the com- 
fnon basalt. 



57. Basaltic Columns, Island of Arran. 


The rocks of this group are not penetrated by veins of ore. 

Wherever the basaltic rodks border on other kinds of rocks, the most 
remarkable phenomena originated at the period of their upheaval as a glow- 
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ing liquid mass. In such localities thesef latter rocks have undergone a great 
alteration which is still distinctly visible, being partly fused or reduced to 
mere slag, similar to the effects of volcanos, still in activity, or to the process 
of our smelting furnaces, where such igneous formations are constantly pro- 
duced on a smaller scale. The appearance produced by the junction of the 
trap-rocks with sandstone, slate-rocks, &c., can be easily examined at 
Dunoon, in the Island of Bute, or in numerous other localities on the Clyde. 



68. Sunk Trap Dyke. 



59. Kaised Trap Dyke. 


When a trap dyke is more durable than the penetrated strata, the rock 
which it traverses being worn away by the action of the elements, the trap 
dyke is left above its surface in the form of a wall (fig. 59). But when the 
dyke is more perishable tlian the rock which it pierces, the trap decomposes 
and leaves a hollow, bounded on each side by a perpendicular wall of sand- 
stone (fig. 58). 



60. FingaFs Cave, 


E. Volcanic-Geoup. 

153. We have already (in § 123) described in detail the origin, the activity, 
and the influence of volcanos upon their surrounding neighbourhood. 
According to modem views, all upheaved massive rocks might be considered 
as extinct volcanos, some of which are of immense extent. However, it is 
only with the group of basalt, immediately preceding the volcanic group, 
that we find a considerable approximation in character to the present 
volcanic formations. 

A-characteristic feature of volcanos is the conical form of their summits, 
which appear somewhat isolated and sometimes in groups or chains. A 
further characteristic is the formation of a funnel-shaped crater at their sum- 
mits. The rocks which we meet with in volcanos, and in their immediate 
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neighbourhood, conast of toco, and trachyte (§ 94), in which no mineral 

vans axe present. 



61. Extinct Volcanos of Auvergne. 


CONCLUSION. 

154. On taking a retrospective glance at what has been stated under the 
heads of Mineralogy and Geology, we find ourselves progressing most re- 
markably from the minute and elementary to the greatest and most highly 
complicated phenomena. 

First. Mineralogy teaches us, in the simple mineral specimen, the chemical 
combinations formed by Nature, the determination of which, as well as of 
their form of crystallisation, is properly considered a part of Chemistry. 
These minute crystals do not, however, occur merely isolated, but in aggre- 
gations of great numbers united into cohering masses. We also frequently 
find the crystals of different minerals intermingled and closely united in 
greater masses, when their definite form of crystallisation is often interfered 
with by the mechanical actions of friction, pressure, admixture, and by par- 
tial or entire fusion or solution. Thus, from the consideration of the simple 
and mixed minerals. Geology leads us on to the contemplation of great masses, 
and their arrangement and succession. 

155. In describing so many most useful mineral substances, the importance 
of the science here treated must have become evident to the reader. 

The mineralogist teaches us not only to distinguish such minerals as sulphate 
of baryta and sulphate of strontia, limestone, salt, sulphur, coal, and the best 
of ores, so indispensable to man, but he also informs us under what local 
circumstances we may expect to find them. 

. Besides this, the knowledge of the mineralogist enables him better to judge 

the nature of soils produced by disintegration ; and, indeed, this know- 
ledge of soils, so essential to agriculture, has been made a separate* subject of 
a practical scientific treatment, founded on Mineralogy. Geology, again, has 
lent its aid for another important purpose, — to procure one of the most in- 
dispensable necessaries of life, viz., water. . In the section Physka (§ 81), it 
has been shown that this liquid, while endeavoming to find its level, springs 
up as a fountain wherever it can force its way. Experience has taught us, 
however, that we can assist its course in this respect, that we can make 
channels for it in certain localities, or, in other words, that we may form 
artificial springs by boring. 
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ARTESIAN WELLS. 

156. The possibility of forming such a well, which is called Artesian^ after 
the department Artois, in France, where the attempt was first made, depends 
upon certain geological conditions, tolerably well ascertained, a wording to 
which a well-informed geologist may easily judge whether in cei » m localities 
boring is practicable and attended with a probability of succes 

This would be the case under the following circumstances : — 

(1.) Water must penetrate into the earth on an elevated point, higher 
than the place where the boring is to be tried. 

(2.) This water must, by subterraneous channels, find its way to the place 
beneath the point at which the boring is made. 

(3.) It must have, neither at nor below the level of the boring point, no 
artificial or natural issue through which can flow a quantity of water equal 
to that which penetrates into the earth from above. 

These three general conditions may actually be fulfilled in various ways. 
Most commonly, however, they are realised in the stratified formations by 
the peculiar position and alternating character of the several strata. If, for 
instance, a sandy stratum, acting as a filter {a b, fig. 62), occupies a some- 
what inclined position between two other strata impervious to water, such 
as clay, the water falling on the upper part at a, h, will penetrate through its 
whole depth, and finding no egress below on account of the basin-like form 

of the stratum, as in fig. 62, or 
from its resting at the lower 
termination upon a compact rock, 
the water will collect under suf- 
ficent pressure to form an artesian 
well. The overlying strata need 
only be bored through, as shown 
in the centre of the figure, to 
obtain the desired spring. The 
passage f, d, in fig. 62, explains 
the manner in which a natural 
spring d, may be supplied with 
water from a porous bed through a fissure in the rocks. Similar conditions 
may exist in localities where massive rocks prevail, by means of fissures and 
cavities, although these are of rarer occurrence, and do not admit, of a 
decided judgment beforehand. 

Hence, while in some stratified formations, we may predict frequently with 
great certainty the success of boring for an artesian well, such an undertaking 
will, on the whole, be very hazardous in localities where slaty or massive 
rocks predominate, and the desired result would not even be at all probable. 

Artesian wells from a great depth possess a high temperature, as, for 
instance, the water of the artesian well at Grenelle, near Paris, which is 
1,663 Parisian feet (= 540 met.) in depth, possesses a temperature of 28® C. 
(82*4 F.) This opens up a speculative view of making the immense store of 
subterraneous heat available for our domestic purposes. Should the stratified 
formations, from whicli the artesian spring rises, contain mineral substances 
soluble in water, in such case it woidd appear as mineral water. Thus in 
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the KeupOT and Zechstein (§ 137 and 138), so rich in beds of rock-salt, 
saline springs, for the manu&cture of common salt, have been frequently 
found by boring. 


MINING. 

157. In order to procure for man the comforts and necessaries of life by 
the assistance of gold and silver, of iron, coal, salt, and other minerals, the 
Miner unceasingly performs his laborious task with unwearied perseverance. 

Miners are generily a poor but an honest and industrious class of people, 
quiet and earnest at their work, but cheerful and fond of musical entertain- 
ment in their hours of recreation. Separate manners, habits, and dress, as 
well as a peculiar language for everything concerning their occupation, make 
the miners a characteristic set of men, and singularly different from agricul- 
turists, sailors, or townsmen. 

With his tools, consisting of a pickaxe, hammer, and crowbar, and pro- 
vided with a safety lamp, the miner proceeds either to work shafts vertically 
down into the ground, forming deep pits, or he carries out galleries in hori- 
zontal, directions, and by combining these two ways he penetrates the rocks 
in search of ores which run through them in veins or form entire beds in 
separate strata, as, for instance, those of coal or rock-salt. Mines are some- 
times of immense extent, some shafts having been sunk to the depth of 3,000 
feet : the greatest depth, however, below the level of the sea amounts only 
to from 1,300 to 1,600 feet, which would make only about ttJoo of the 
radius of our globe (V. Humboldt’s Cosmos). The galleries extend in some 
mines to an astonishing length, as, for example, the George-gallery in the 
Harz, which requires three hours to pass through, and the celebrated Chris- 
topher-gallery in Salzburgh, which is 10,600 feet long. These galleries, 
though mostly of a height sufficient for a man just to w’alk through, fre- 
quently admit of access only in a stooping or creeping position. 

158. The calling of the miner, besides being very toilsome, is, next to that 
of the sailor, exposed to the greatest amount of danger. There are many 
mines, in which, out of 1,000 workpeople, an average of 7 annually loss their 
lives, while about 200 suffer more or less personal injury from accidents. In 
others, it is stated, that an average of even from 12 to 16, out of 250 persons, 
perish annually. Sometimes, a sudden irruption of water from below or from 
the sides, sometimes the fire-damp (Chem. § 54), which explodes on taking 
fire, or suffocating gases, especially carbonic acid gas (Chem. § 53), (choke 
damp), prove destructive to them. At times, also, the roof of the mine itself 
^ves way, either from negligence in propping, or from unavoidable concus- 
sions, and buries the miners alive. This frequently happens, particularly in 
South America, where earthquakes are still of common occurrence. All 
these circumstances contributed much in former times to render the miners 
a particularly superstitious class of people, abounding in fictions and traditions 

of jealous mountain sprites, dwarfs, and hobgoblins, dwelling in the interior 

of the mountains, and watching over their ores and treasures which they 
grudge mankind, and for taking of which they assail the miner, and seek to 
do him harm. On the other hand, they believe in benevolent fairies and 
protecting spirits that aid and assist them. ' 
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The progress of science and education has, however, cleared away much 
of this prejudice and ignorance : the better-informed miner of the present 
time knows how to distinguish truth from fiction, and while trying to avoid 
dangers by needful precautions, he puts his trust in God, the r^er of all 
things. 






treats of fdants, By plants we understand those objects 
of nature which, like animals, display a great diversity 
of organisation, and increase in size from the interior, 
but which differ from animals by being incapaole of spontaneous movement. 

The simplest form, however, in which a plant appears to us, is that of a 
minute vesicle with very thin membranes containing a fluid, and occasionally 
some greenish granules. The membrane, the fluid, and the solid contents 
of the little plant, are different, both in their form and in their chemical 
composition. A still greater and more striking diversity is perceptible in a 
larger plant, in a tree, for instance. Here the dissimilarity in form and con- 
tents of its difierent parts is so striking as not to be overlooked, even by a child. 

If we compare, with a plant a simple mineral (Min. § 3), for example, 
a crystal of quartz, we find it of uniform composition tlirough its entire mass, 
and consisting only of minute particles of quartz ; and in like manner we 
find a crystal of calc- spar to be composed only of similar minute particles. 
Neither by the eye nor by chemjpal analysis can we discover the least difference 
in them, as is the case when a plant is submitted to observation. There are, 
indeed, some minerals, granite, for example, that have the appearance of a 
diversity in their form, yet it is easy to perceive that these mixed rocks are 
nothing more than mixtures of simple minerals. 

2. If we make a series of observations on a particular plant, under suit- 
able circumstances, we cannot avoid perceiving the peculiar changes which 
it successively undergoes. In the first place, the phenomenon of the fluid con- 
tained in the above-mentioned simplest form of Ae plant, exhibiting motion, 
is of the utmost importance. Further, it is to oe observed that the plant 
incre^es in size and weight, or grotos, that is, it receives from the surround- 
ing soil and atmosphere the materials necessary for this increase, and assimi- 
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lates or adapts tihem to the production and extension of the ever-varying 
forms, tinder the infinite multiplicity of which all vegetation exists. Finally, 
a period ensues when the plant ceases to exert this self-formative energy, 
yields to the power of chemical laws, decays, and is forthwith esolved into 
its primary elements. 

Here another very remarkable fact deserves notice, viz., that the mate- 
rials absorbed or inhaled by a plant during the period of its growth, are, in 
diemical combination, form, and qualities, altogether different from the sub- 
stances which we meet with in the body of the plant. We never find in the 
soil the substance which communicates the green colour to the loaves ; nor 
is the starch, which so abundantly occurs in the seeds, and sometimes also 
in the tuberous parts of. plants, to be found in the ground where tl ley grow. 
The plant, therefore, has the power of msmilating the materials absorbed by 
it ; and this is true, both in respect of their chemical combination as well as 
of the external forms which they are made to assume. 

In this respect minerals exhibit a remarkable contrast. They also possess 
the capability of appropriating new portions, and of increasing in <i5e. But 
this can only be accomplished when the surrounding media arc of the same 
composition as the mineral itself. For example, a crystal of calcMcous spar 
can only enlarge itself in a liquid which contains carbonnte of lime. The 
crystal is, however, incapable of producing, from this mciterial, either any 
other form or any other chemical compound, tlian the one appropriate to 
itself; it grows without either changing its form or its substances 
j 3. That capability possessed by plants of increasing in size by the assimi- 
lation of heterogeneous materials, we call the vitalitiu>{ plants ; and those 
parts by which this assimilating process is cohducCed, arc named the organs 
of planis. In the simpler forms of vegetable life, /.e., in plants of an almost 
homogeneous structure, all the organs act equally in the process of assimila- 
tion. In the more highly-organised orders, the various distinct organs per- 
form separate and independent functions in the economy of vegetation, and 
hence are called dissimilar organs. 

The mineral has no organ — it belongs to the division of unorganised 
objects. 

4. It has already been stated in § 2, that plants possess an internal vital 
motion. Externally, however, this is imperceptible to us. Indeed, the 
newly-formed organs or parts keep their place without apparent motion ; and 
if the branches, twigs, and leaves were not moved by the wind, they might 
seem without vitality altogether. The roaring in the trees of a forest is the 
voice of the storm, not that of the woods. The plant cannot change its 
place relatively to other surrounding objects. It appears wherever accident 
or design has placed its seed, and perishes where the conditions of its life 
cease to be fulfilled ; it has no voluntary power whatever over its existence. 

It is true that many flowers open and shut" their petals at certain times, 
that the sensitive mimosa folds* its leaflets, and droops its branchlets if only 
touched by the softest finger ; and that the stamens of certain plants exhibit 
remarkable phenomena of mobility. But all these appearances are produced 
by external ca^es. It was either the sun, or moisture, or a touch, which 
caused the motion, which without one or other of these causes would never 
have taken place at all. 
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A plant, therefore, is an orgpised body without external voluntary move- 
ment : and hereby it is essentially distinct from an animal^ with which, in 
organisation, it is closely connected. The simplest form of the animal, as of 
the plant, is that of a minute vesicle or cell, containing a fluid in which are 
some granular substances. At this stage it could not be distinguished from 
the simplest plant, if it had not the faculty of voluntary movement, the power 
of changing its place. The animal has a locomotive power. Sometimes, 
indeed, it is a very limited sphere to which it is confined ; yet it may change 
its place for another more conducive to the exigencies of its being. 

5. It is suflSicient for the present to have given the most general charac- 
teristics by which plants are distinguished from the other objects that, with 
them, compose the great kingdom of Nature. A precise and clear appre- 
hension of their varied forms and wonderful phenomena can only be obtained 
by a careful analysis of the nature and structure of the subjects of the vege- 
table kingdom. This we wiU endeavour to supply in the following sections. 

I. The Internal ani> External Structure op Plants (Anatomy 

and Organography). 

II. Vitality op Plants (Physiology). 

III. Classification of Plants (Systematic Botany). 

IV. Description of Plants (Descriptive Botany).*^ 

I. THE INTERNAL AND EXTERNAL STRUCTURE OF 

PLANTS. 

(ANATOMY AND ORGAN oGBAPIIY.) 

6. We frequently have an opportunity of observing in water, which has for 
a considerable time remained stagnant, green flocculent bodies, which, to 
the naked eye, appear in the form of exceedingly delicate threads. When 
viewed through a microscope they present the appearance, however, of small 
globular vesicles, like pearls strung on a thread. Similar rows of beads, 
possessing a beautiful blue colour, and consisting partly of spherical and 
partly of oval vesicles, may be seen, even with the unassisted eye, and 
very distinctly under a weak magnifying power, when we examine the 
hairs which invest the stamens of Tradescantia virginica (Spider-wort), an 
ornamental plant with tripetalous violet-blue flowers, which is frequently 
cultivated in gardens. 

Although, on a cursory vi^, some parts of plants have the appearance of 
a more or less dense, uniformly connected whole, yet by the aid of magni- 
fying-glasses wc find that such is not the case. The microscope shows, that 
even the compactest and hardest portions of vegetables, the woody parts, and 
the shells of fruits, are a combination of an infinite number of minute forma- 
tions, into which they may be separated. It is true that a great diversity, 
both in form and magnitude, is apparent ; nevertheless, accurate observation 
has shown that the diversity consists only in variations or modifications of a 
membranous cell, similar to that which constitutes the green water-plant 
(algae) above-mentioned, and which has received the name of planUc^ or 
Driefly-j the cell, . 
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Hence, the cell is properly regarded as the elemmtary or Jundamental organ 
of plants ; and the knowledge of the origin, the structure, the functions, and 
the metamorphoses which this organ undergoes during the period of its life, 
constitutes the foundation of scientific Botany. The title, compound orga^ 
. is applied to those peculiarly-formed parts, which arc present in most plants, 
and which have special functions assigned to them in the economy of vegeta- 
tion. They are, for example, the leaves, the flowers, &c. 

a. SBfPLE OEGANS OP PLANTS. 

7. An infinite number of parts, selected from different plants, has been 
examined by the md of the microscope, and all of these parts so examined 
have been found to consist of innumerable small structures, which in figure 
vary so considerably, that they have been distinguished by peculiar names. 
Further observations have, however, shown that they are all in fact but 
modifications of the above-mentioned elementary form, viz., plant-cell, 
which therefore first of all claims our attention. The most important modi- 
fications or varieties of this primary organ are the vascular and woody tissues, 
the cambium cells, and lacticiferous ducts, or Tt^h-sap vessels. In addition to 
these we have to investigate the cellular cellulose or membrane, that 
originates in the connection of the cells, together with the intercellular pas- 
sages, interposed between the cells or vascular tissues. 

The Cells. 

8. Without entering upon the origin of the cell, a subject which has not 
yet been sufficiently elucidated, we find that in its developed state the cell 
presents the appearance of a small utricle, the form of which in the most 
simple case is spherical, its diameter varying from ^Joth to u’^th of a line. 
This utricle is formed of a membrane, colourless, and of. extreme tenuity: 
every utricle is a distinct individual, apparently incapable of further struc- 
ture or extension, and without any visible perforations. The internal wall 
of the living cell is lined with a viscid, mostly yellowish-coloured fluid, 
which seems not unfrequently to be endowed with a peculiar motion, and 
which is called the circulation of the cell-sap. Between the cellular integu- 
ment and the above-mentioned fluid, a new membranous layer is in course 
of time deposited, which increases the thickness of the cell. Upon this there 
is formed a third or even a fourth new layer ; and soiiielimes the number of 
them amounts to thirty, so that the cavity in interior of the cell almost 
entirely disappears. The most remarkable pheftmenon connected with these 
formations is, that these new cellular linings are not all equally deposited 
upon those previously formed. Hence the tissue appears in some parts 
clearer or more transparent, in others darker ; and, according to the mode 
in which the deposition has taken place, the cells appear dotted, or provided 
with bars, with nngs, spiral windings, or network. The dotted cells were 
named porous cells, as long as the ‘transparent parts of the cells were believed 
to be real perforations of the cellular tissue. 

9. The preceding remarks have been made in reference to the interior 
structure of the cell ; in the following observations we will confine ourselves 
to the consideration of its external structure and aspect. In most of the 
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spongy parts of plants, as in the pulp of fruits, the pith of elder, and in the 
examples mentioned in § 6, the cells preserve the globular or oval shape repre- 
sented in dg. 1. But the 
cells, in consequence of that 
mutual pressure, more fre- 
quently assumetheform of a 
polygon (fig. 2), the section 
of which is generally hexa- 
gonal. The cellular tissue 
may generally be compared 
to the bubbles produced 
by blowing through a straw 
or tobacco-pipe into soap 
water ; or it may be illus- 
trated by placing balls of moist clay together, and then pressing them more or 
less strongly together. In this manner every individual ball assumes a poly- 
gonal shape corresponding to the form of the cells represented in fig. 

8; and which disposition is, in many plants, preserved with the 
utmost regularity. Such cells as are, with tolerable equality, ex- 
tended in all directions, are named •parenchyma^ and of these are 
composed the tuberous parts of plants, as the potato, dahlia-roots, 

&c. and especially the soft spongy parts of the pith, bark, leaves, 

&c. We frequently, however, meet with cells which are extended 
longitudinally, and pointed at both extremities, as in fig. 4. The 
sections of these cells, which are very compactly arranged, have 
the appeafance of a hexagon. They are termed xcoody cells, or 
woody tissue (proscnchyma), and constitute the chief portions of 
the more solid parts of plants, as the ligneous parts of trees, 
shrubs, &c. Very long, flexible cells, as those which constitute 
the fibres of flax and hemp, are called bast-cells, and appear 
under the microscope as roimd threads of uniform thickness, 
whereas the fibres df cotton wool, which rarely exceed one or two 
inches in length, when magnified, present the appearance of flat- 
tish bands with somewhat rounded margins. By these marks, 
the union of flax and cotton in the same web or piece of cloth 
may readily be detected. 

Occasionally the cells assume very abnormal shapes, as the 
stellpte or star-formed cells^ These are described as hregular 
cells. 


\ 




The Contents op the Cells. 

10. We very often find in the interior of the cells a colourless transparent 
fluid, which is called the cellular sap. This fluid, which consists chiefly of 
water, holds in solution more or less of certain soluble vegetable substances, 
such as gum, sugar, albumin,, mucilage, acids, salts, and many other sub- 
stances, which we have already, in Chemistry (§118-155), become acquainted 
with as the productions of the vegetable kingdom. 

We still more frequently, however, meet with solid substances in the cells 
— ^as, for example, small re^arly-formed crystals, which have crystallised 

8 
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from the sap, or roundish granules, in which form the sUirch and leaf-green 
(Chlorophyl, p. 274), most , commonly occurs, as fig. 6, in which c repre- 
sents the cells containing chrophyl, and r r the Kaphidian cells* 
In the latter cells the crystals have the appearance of bundles 
/'yS? of fine needles, from which the name is derived (gee ® needle), 
f 1 * I The starch is easily recognised by assuming a violet colour on 
I® application of a solution of iodine. We also see round par- 

V ' fatty matters or of volatile oils in the cellular sap of 

many parts of plants ; and the sap itself often appears coloured 
1 * I itB ^gs^^cy of some colouring matter which it retains in solu- 

‘ tion. Atmospheric air is likewise frequently found in the cells, 

especially in those which are old and contribute but little to the 
vital activity of the plant. 

In young cells we almost always meet with a cellular nucleus (cytoblast) 
in the middle of a turbid viscid liquid. This so-ciilled cytoblast, which is 
intimately connected with the origin of the cell, generally disappears at a 
later period. 

The Functions of the Cells. 

11. As every plant, whether small or great, is only an aggregate of a 
great number of cells, so, also, the life of a plant is nothing else but the sum 
of the activities of all the cells of which it is composed. The special province 
of the cells is to receive from the soil or atmosphere the water necessary for 
the various vegetative purposes, together with the nutritious materials dis- 
solved in the watery and aerial fluids, and to circulate them through the 
whole body of the plant. The circulation within a plant is not carried on 
through the agency of tubular channels, but only by the passage of sap in all 
directions from one cell to another. 

Since the cells have no openings, it is somewhat difficult to understand in 
what manner the fluid can enter into the plant from without, and by what 
means it can inwardly pass from cell to cell. This phenomenon, however, 
is dependent on the peculiar quality both of vegetable and animal mem- 
branes and fibres, viz., that they are permeable by many fluids, without 
being dissolved by them. Experiments show that this permeative action is 
carried on in accordance with definite laws. When two fluids of unequal 
densities^ as, for example, an aqueous solution of sugar and mere water, are 
separated from each other by a diaphragm of pig’s bladder, we perceive a 
constant tendency on both sides to restore the equilibrium in the density of 
the two fluids. A portion of the water penetrates the bladder, mixing with 
.. the solution, and a portion of the latter finds its way to the former by the 
same medium. In this experiment one important fact is to be observed, 
viz., that the lighter fluid always passes through the separating medium 
more rapidly to the denser than vice versa ; consequently, in this experiment 
more of the water passes through the bladder to the saccharine solution than 
of the latter to the water. This permeative capability of the tissue of vege- 
tables and animals is called 

The fluid contents of tSie cellk are always denser than the mere water 
which is in external contact with the roots or leaves, consequently, the latter, 
by endosmose^ enters the most contiguous cells, whence it proceeds continu- 
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ally farther on. This operation, however, would soon restore the equilibrium 
between the fluid within the plant and that which is supplied from without, 
and thus prevent any further supply, if the fluid contents of the plant were 
not again rendered more dense by the evaporation of water which takes place 
in the leaves. 

12. The cells, however, have not only to effect the circulation of the sap, 
as above described, through the whole plant, but also further essentially to 
alter the nature of the sap contained in them ; so that, both in different 
plants and in different parts of the same plant, and even in the same parts of 
the same plant, at different times, we find substances essentially differing in 
character from each other. The cell is at the same time the source of new 
cells, and consequently of the entire growth of the plant. This is accom- 
plished in two ways, either by the division of older cells, or by the formation 
of several new cells within the cavities of an older one. New cells are never 
produced between those already formed. 

13. The circulation of the sap through the cells is accomplished with 
tolerable celerity. This may be ascertained by remarking in spring the time 
occupied by the sap in reaching incisions made at different heights in the 
stems of trees, or by observing the time which elapses during the restoration 
of a drooping plant, which has been placed in water for this purpose. 

The force with which the cells absorb and circulate fluids may be ascer- 
tained by the following experiment. In spring let the freshly-cut end of a 
vine-branch bo inserted into a vertical glass tube, and closely bound to it , 
by means of a piece of bladder or caoutcliouc. The water passing out from / 
the cut surface of the branch will ascend in the glass tube even to the height * 
of from 30 to 40 feet ; and hence it is inferred that the ascent of the sap in ? 
vegetables is impelled by a force which is somewhat greater than the pres- ■ 
sure of the atmosphere. (Phys. § 96.) 

Vascular Tissue (Fibrous Tissue). 

14. This somewhat inappropriate name has been derived from a form of 
the cells, which is never observed in very young plants, nor in any part of 
a plant during its development, but which is produced only subsequently by 
the alteration of existing cells, especially in those directions in which an 
active current of sap takes place. Let us imagine a series of cells super- 
posed on each other, the walls of which disappear at the points of contact, 
there then arises a cylindrical tube, which is termed a ve^elpv^ va^culq,i\1i^ue.. 

Accordingly, as these vascular organs are porous, or provided with clefts, 
rings, or spirals, they are distinguished by the names of porous^ 

(like steps of a ladder), fig. 6 ; annular, or ring-Jornea, Sg. 7 a ; 
spiral-Jbrnied, 1 h. 

We have already seen in § 8 that the fibre of a cell is produced by a 
deposit taking place upon the originally delicate cellular membrane, in the 
form of a spiral band, which subsequently becomes thicker, and consequently 
much stronger than the membrane itself. Hence the spiral vessels were ori- 
ginally viewed as fibres twisted in a spiral form, and capable of being untwisted, 
similarly to the metallic wire which is wound round the large string of a 
violin. Only recently has the delicate wall of the vessel, and manner in 
which it is formed from the cell, been discovered. These vessels may be 
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easily recognised if we break gradually the stalk of a leaf, where bundles of 
vessels resembling the delicate threads of a spider’s web will be visible at the 

broken ends, even to the unassisted eye. 
But their true construction can only be 
satisfactorily observed by the aid of a power- 
ful microscope. In a section these vessels 
appear either round or hexangular (as in 
fig. 6). 

15. With regard to the function which 
the vessels perform in the life of the plant, 
different opinions prevail. In general, how- 
ever, they contain air ; and only in excep- 
tional cases, as, for instance, in the spring, 
when there is a great abundance of sap, are 
they found to contain a fluid, hence we may 
justly assume that it is the cellular tissue of 
the wood which is the organ ‘ destined for 
the circulation of the sap. The subordinate 
importance of the vessels is evinced by the 
fact that many plants have no vascular 
organs at all, but consist only of cells, and are hence termed cellular plants. 
To these families belong the Fungi, the Alga>, the Lichenes, the Hepaticse, 
the Musci * (the mushroom tribe, the sea- weeds, the lichens, liverworts, and 
mosses), which are the simplest objects of the vegetable kingdom both in 
structure and organisation. Other plants, which, in addition to cells, contain 
vascular tissue, are termed vascular plants. Hence the more perfect develop- 
ment of plants is dependent on the presence of vascular tissue. The vascular 
tissues appear single only at their first formation ; they subsequently unite 
with new vessels, and become what are called bundles of vascular tissue. A 
union of these together, or a ramification of one from another, is never met 
with ; nor do they ever exclusively constitute any portion of a plant ; they 
are rather in the midst of or Surrounded by the cells. 

Laticifebous Cells (Milk-vessels). 

16. If we tear a leaf or stalk of Celandine, Poppy, Spurge, &c., there 
appears on the lacerated parts a thick orange, or milk-white sap, called latexy 
of which caoutchouc always forms a constituent (Chem. § 144), 
and hence its clammy or viscid nature. This sap is yellowish 
in the Qinanthe crocata (water-hemlock or dropwort), and in a 
few plants it assumes a red or a blue colour. 

The latex is contained in tubular vessels which unite or 
anastomose freely, and pass through the whole phmt (see fig. 8.) 
Their mode of development shows that they originate in the 
most recently-formed cellular tissue of the laticiferous plants 
before the existence of the spiral vessels. These passages or 
channels contain a fluid, colourless at first, but subsequently 
producing grantdes, and finally milky sap ; and they are at first 
formed by the walls of the surrounding cells, but gradually a 

* The latter are not entirely cellular plants ; they have some vascular tissue. — £ d. 
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peculiar lining of remarkable tenuity is developed, which finally becomes a 
moderately strong membrane. 

The erroneous opinion, that the latex circulates in the vegetable similarly 
to the circulation of the blood, has been corrected by observation. The 
peculiar function of this organ and its contents in the economy of the plant 
is not satisfactorily ascertained ; only its agency seems subordinate, from the 
fact that in most plants it is not present. 

Cellular Tissue. 

17. This tissue originates in the union of the cells, and varies materially 
in aspect according to the prevailing form of the cells. 

One sort of tissue, which derives its origin from cells of the simplest form, 
and which is universally found in all plants, is called parenchyma (see § 9). 
When the cells have an incompact or lax position on each other, the tissue 
is called imperfect, whilst in the perfect tissues the cellular walls are united 
to each other as completely as possible. Such expressions as elongated, 
regular, and tabular tissues, obviously relate to the form of the cells. The 
prosenchyma (woody-tissue), consists of thick- walled, elongated woody- 
cells (fig. 4). 

The cambium cells consist of a peculiar, thin-walled, and very transparent 
tissue. It is called cambium (from camhio^ to change), because it is in this 
tissue that new cells are formed during the development of the plant. In 
the earliest stage of growth the entire plant consists of cambium, but at a 
.subsequent period the tissue is met with only in certain places, principally 
between the bark and the wood. 

The bundles of vascular tissue are a combination of the variously-formed 
vessels with the woody tissue, and with the cambium, and are easily distin- 
guished from the parenchyma which surnmnds them. They exhibit various 
peculiarities both in their arrangement and in their further development, and 
by these diversities large groups of plants may be readily distinguished. In 
one of these groups of plants, to which belongs the ferns, the bundles of 
vascular tissue are produced almost simultaneously. In another group, con- 
taining the palms and grasses, they receive an enlargement for a certain time ; 
whilst finally, in a third group, conttuning all our forest trees, the bundles of 
vascular tissue continually increase while the life of the plant endures. The 
first kind of bundles of vascular tissue is termed simultaneous^ the second 
definite^ and the third indefinite. 

When we consider the structure of the stem we shall have an opportunity 
of considering more minutely the last-mentioned kind of bundles of vascular 
tissue. 

18. The tissue of the cuticle, or epidermis^ which externally covers all 
parts of the plant while they remain green, is of a peculiar nature, and 
demands special consideration. It is formed of flat tabular cells, very much 
compressed and in close contact, with the exception of some parts where the 
stomata^ or mouths, are placed. In fig. 9 a section of a leaf is represented, 
the large transparent empty cells of the epidermis, and above these the 
parenchymatous cells of the leaf filled with greenish-coloured granules. In 
four places, fig. 10, stomata {ssss) are seen, which have their openings sur- 
rounded by parenchymatous cells disposed in semilunar forms. Under each 
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stoma (mouth) there is a hollow space which is connected with the intercel- 
lular passages of the leaf. These stomata, represented below, are so numer- 



ous on the under side of the leaf, that hundreds have been counted in the 
space of a Sfpiare line. Through these minute organs an intimate connection 
exists between the interior of the plant and the external air. 

19. The epidermal cells not unfrequently exhibit very abnormal forma- 
tions. When much extended in length they appear as /lairs which are fre- 
(picntly branched, and in many plants they contain an irritating sap (in the 
nettle, for example). Bristles, prickles, glands, warts, and especially the 
substance which forms the well-known cork, are all due to the metamor- 
phoses of this exterior integument. 

Inteucellulab Canals. 

20. The roundish and angular cells are never so closely arranged together 
as to leave no empty spaces. In lax tissues these are tolerably large, but 
in those which are compressed they are almost entirely invisible. These 
canals are mostly triangular, in intimate combination with each other, and 
are either filled with air, or with a watery fluid. 

We find besides, in the stems of many plants, and especially in aquatics, 
between the cellular tissue, numerous and sometimes very large and regular 
canals which contain air. These air-cells or passages traverse the whole 
extent of the stem, and in a section of the Spanish reed (Arundo donax), 
and in the stem of the Water-lily, aro perceptible by the naked eye. 

By decay and by rupture of the cellular tissue there are frequently formed 
in the inside of stems locunoi or hollows, which, as in grasses and umbelli- 
ferous plants, sometimes occupy the whole interior of the culm or stem. 

In these empty spaces, produced by the rupture and decay of the cellular 
membrane, receptacles of various forms are found which are filled with oil, 
resin, gum, and other vegetable secretions. 

h. COMPOUND ORGANS OF PLANTS. 

21. From the consideration of the smallest and simplest organs of plants, 
wo now proceed to the study of those which are larger and more generally 
known. The ctMbpound organs, according to their functions and purpose, 
are divided into organs of nutrition and organs of increase and reproduction. 
In our description of these organa especial attention will be paid to their ex- 
ternal form, their internal sti;ucture, and their functions. 


THE ROOT, OR DESCENDING AXIS. 




Organs of Nutrition. 

22. In the more highly-organised plants, the root is deemed the essential 
organ of nutrition, inasmuch as it supplies the plant from without with the 
principal part of the nourishment necessary for its growth. Besides this 
organ, the stem and leaves perform a more or less important part in the 
nutritive processes, and are also included in this section. The stem, so long 
at least as it remains in a green pulpy state, is likewise capable of receiving 
materials of nutrition from without, and in all states and stages is the active 
medium of communication between the root and the leaves. The influence 
of the leaves on the growth and health of the plant consists in the elaboration 
of the various vegetable secretions in the formation of wood, and in the ab- 
sorption and cxlialation of fluid and gaseous substances. 


The Root, or Descending Axis. 

23. With the exception of the lower families of the less highly-organised 
plants, some Fungi, Lichens, or Algae, for example, which consist merely of 
a mass of cellular tissue without any definitie shape or arrangement, or are 
composed of a succession of ilocculous or crustaceous layers^ all plants have 
a tendency to a direction which is always perpendicular to the surface of the 
earth. This line of direction is called the ajxis of the plant, and is cither 
-ftpwards, forming the stem, or downwards, forming the root or descending 
axis. 

/ The axis of every plant grows by the prolongation of both its extremities. 
That part of the axis which extends towards the centra of the earth is termed 
the root of the plant.' The root accordingly grows in a direction from the 
light, and is generally in the soil. Tliat part of the plant which grows in the 
opposite direction towards the liglit and air, is called the stem. The limit 
between the root and the stem is called the coUum or neclcy and when this 
part is distinguished by a swelling, as in the Carrot, Turnip, &c., it has 
received various names expressive of its form or structure. 
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The lateral parts of plants, such as branches, that grow round about or 
out of the axis, are called secondary axes or lateral organs. 

24. In reference to their external appearance roots are either simple or 
compound. 

The simple root is either entire or divided. In the latter state it has a 
greater or less number of branches. The tap-root is a prolongation of the 
central axis or principal root which descends perpendicularly. Tlie lateral 
roots are called ramifications of the tap-root : both forms arc represented in 
fig. 12. 

The most common forms of the root are the fibrous or thread-shaped root ; 
the cylindric, fig. 11; the spindle-shaped^ fig 12; the conical root, fig. 13; 
the globular^ or turnip-shaped, fig. 14. The nranular^ tubercular^ and the 
palmate forms; the three last are exemplified by the roots of Saxifraga 
granulata (saxifrage), Solanuni tuberosum (potato), and the last by several 
of the Orchids. 

The compound roots originate in a multiplication of the simple roots, 
and are either fibrous or fasciculate, the latter owing its (‘Hgin merely to 
the enlargement of the fibres. The accompanying 
fig. (15) represents the compound root with its 
rootlets invested with hairy aj^pendages called 
fibrils. 

By far the greater number of roots penetrate 
the soil, still there are not a few plants which de- 
velope these organs in the water : these are called 
fioating or swimming roots. Also many plants^ par- 
ticularly trees that grow in the torrid zone, develope 
from different parts of their stem roots instead of 
branches. These aerial roots, as they are termed,' 
are prolonged till they reach the surface of the 
earth, when they strike root in the soil.* In Ivy, 
Dodder, and other plants of a similar nature, the roots form what are called 
suckers. 

The interior structure of the root agrees in all essential characteristics with 
the stem, and consequently does not require a special description. 

Functions of the Root. 

25. Roots fix the plants, either in the soil or* to other bodies or places, by 
some peculiar means of attachment. At all times the plant derives its prin- 

* Perhaps the most remarkable instance of this kind is the banyan-tree (Ficus Indica). 
One of these trees, at present existing on tlie banks of the Nerbudda, has branches propped 
by adventitious stems, which spread so far as to afford a shaded space of 2,000 feet in circum- 
ference. Mr. Forbes .states that the hanging roots, changed into stems in this tree, are 3,500 
iu number. The banyan-tree is thus beautifully alluded to by Milton, in his Paradise Lost : — 

** There soon they choose 

The fig-tree, not that kind for fruit renowned ; 

But such as at this day to Indians known, 

In Malabar or Decan spreads her arms, 

Branching so broad and long, that in the ground 
The bended twigs take root, and daughters grow 
About the mother tree a pillared shade 
High over-arched, and echoing walks between.*’ — £d. 
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cipal supply of nutriment through these organs, and at certain times, viz., 
during the infancy of the plant, it is nourished exclusively through them. 
All parts of the root are capable of imbibing the water in its immediate 
vicinity, together with the materials held in solution by this fluid. Insoluble 
substances cannot enter into the systems of plants. The roots are chiefly 
developed in the direction of those places whence they derive their supply of 
food; thus, they accommodate themselves to the nature of the medium 
wherein they are developed. Sometimes they penetrate the hardest soil, and 
insinuate themselves into the rents and clefts of rocks in search of congenial 
nutriment. 

The Stem. 

26. We have already mentioned, in § 23, that the stern is that part of the 
plant-axis which grows in a direc' Ion contrary to the root, that is, towards 
the light and air. In many ( "lamples, however, the exterior form in nowise 
corroiponds to our idea of a longitudinal axis perpendicular to the earth’s 
surface. It is frequently so short as scarcely, or at all, to become visible 
above ground, and in this case it is distinguished by the name of suhtert'anean 
or underground stem. 

Two forms of the stem are therefore distinguished, viz., the lower under- 
ground root-like stem, which is called the Stock (Rhizome, or root-stock), 
and the elongated cylindric above-ground stem, which is the stem-proper. 
The forms of the stems comprehended in both of these principal divisions vary 
considerably from each other. 

Forms of the Bhizome or root-stock are : — 

1st. The bulb, a very abbreviated, orbicula. , or globular stem, surrounded 
by thick parenchymatous leaves, which in their axils produce buds, ea;., the 
Onion. 

2d. The tuber, an underground stem, very similar in shape to the bulb, 
but without a sheath, having only buds ; ex,, the potato. 

3rd, The root-stock, or Rhizome, is only a variety of the last or under- 
ground stem, and is distinguished from the true root by the production of 
buds ; ex., roots of Iris, &c. 

Forms of the 8tem-pro2)er are ; — 

1st. The stem of mosses is filiform (thread-like), leafy, sometimes simple, 
sometimes branched, but never attaining to any considerable size or strength. 

2d. The culm, which we .see in all grasses, is a thin, mostly hollow and 
usually jointed stem. 

3rd. The palm-stem, which is peculiar to the palms and to the larger tree- 
ferns, mostly occurs as a simple cylindrical stem, of uniform thickness, and 
marked on the exterior of its circumference by the scars of the fallen-off 
leaves. 

4th. The sitalk, which is usually characterised by a green, herbaceous 
appearance ; and its short duration of life, which is mostly limited to thq 
space of one year. It is peculiar to an immense number of plants, and is 
susceptible of a vast variety of forms. The mode of its development, both 
external and internal, and the disposition of its secondary or lateral axes 
(branches, leaves, &c.), are of great importance in systematic and descriptive 
Botany. 
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5th. The ligneous or wooiy-stem is the most perfect of all the forms of this 
organ, and is especially distinguished by its hardness and durability. It 
occurs in all oar common trees and shrubs, and therefore merits special 
attention. 

27. In the description of the above-mentioned forms of the stem, particu- 
lar aUention is to be paid to some peculiarities in which the stems of different 
plants vary from each other. Such, for example, are the substance^ direc- 
tion^ situation^ and duration of the stem. 

The solidity and strength, as well as the external aspect and internal 
structure of the stem, arc naturally dependent on its substance, and these 
diversities are precisely and intelligibly indicated by the following terms : — 
Soil’d and firm or /or, or sojl^ hollow, tubular, woody^fihrous^ herbaceous^ fieshy, 
juicy ^ Jlexible^ fragile^ rigid^ tough^ flexible^ weak^ &c. 

The direction is described as upright^ straight^ procumbent^ decumbmt^ in 
cumbent^ arched^ creeping^ clasping, &c. 

Ill reference to situation, the stem is either above or below the ground, 
fijoating or swimming, climbing or clinging, like Ivy and Dodder, winding to 
the right or winding to the left. 

The duration of the stem is generally equal to the duration of the plant, 
and either survives the production of the blossoms and Iruit, or perishes 
when this object is effected. 

Hence plants arc divided into, x^annual, or summer-plants, which are 
distinguished by the sign 0, or (1); b — biennial plants, — these are distin- 
guished by the sign ^ , or 0 (2) ; c — peiennial, are distinguished by the 
sign % or (q-c). 

Inteknal Structure of the Stem. 

28. The inner structure of the stem is totally independent of its outward 
form. The diversities which we perceive in its structure .are entirely attri- 
butable to the mutual relations of the cellular tissue and the bundles of 
vascular tissue whicli constitute the mass of the stems ; and, above all, to 
the position and arrangement of the bundles of vascular tissue in reference 
to each other. 

All plants, as we shall subsequently explain, are divided into three large 
groups or grand divisions called classes, which are strikingly distinguished 
from each other by difference in their embryos or seeds, in their blossoms, 
and in the interior structure of their stems. Tliesie groups are the following : — 

The 1st Group comprehends the Acotyledonous plants, viz., such plants as 
have no visible blossoms nor seeds, but reproduce tliemselves by means of 
embryonic cells or spores ; the bundles of viiscular tissue of their stems are 
simultaneously produced, .and are located either in the middle of the stem, 
or in several large mjisses in different parts. 

The 2d Group comprehends the Monocotyledomus plants, producing blos- 
soms and seeds which germinate with only one embryonic leaf (or seed-lobe, 
Cotyledon). Their bundles of vascular tissue are distributed apparently 
without order in the cellular tissue of the stem. The nervation of their 
leaves is parallel. 

The 3rd Group or division comprehends the Dkotyledorwus plants, which, 
like the second group, produce blossoms and seeds. They develope two 
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embryonic leaves, sometimes more. The duration of the growth of tlieir 
bundles of vascular tissue is unlimited, and the latter is regularly deposited 
on the stem in concentric layers. The nervation of their leaves is ramified 
and reticulated (comp. § 17). 

Stem op Acoitledonous Plants. 

29. To this division belong the Equisetacese, the Lycopodiaceae, the Mum 
(Mosses), in which the bundles of vascular tissue occupy the centre of the 
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stem (fig. 1 fi) ; the Filices (Ferns), whoso, bundles of vascular tissue arc 
arranged partly in large groups and partly isolated (lig. 17), and the section 
of which presents the appearance of certain outlines. A section of the frond 
of the Eagle-lern (Pteris aquilina), especially if cut obliquely and near the root, 
alfords a moderately correct representation of a double eagle with expanded 
wings. Fig. 18 shows again the arrangement of the bundles of vascular 
tissue of another family, so that every family of the acotyledonous plant 
may be easily recognised by the position of the bundles of vascular tissue. 

It is fui’tlier to be observed, that in all acotyledonous plants the bundles 
of vascular tissue increase and grow only at the summit. 

Stem of Monocotyledonous Plants. 

30. To this class belong, among many others, the grasses, sedges, rushes, 
and bulbous plants. The stem of the palm, however, is best adapted for 
exhibiting the pecidiarities by which 
this class is distinguished from the 
other two. If we examine a section 
of this stem, fig. 19,* we perceive 
a great number of separate bundles 
of vascular tissue dispersed without 
order among the cellular tissue of the 
parenchyma. The growth of stems 
belonging to plants of this class is 
effected, not by the increase of the 
bundles of vascular tissue already 
present, but by the production of 
new bundles at the circumference 
of the stem, which extend to the summit, and hence such stems increase 
in length as well as in circumference. 

* m Medullary portion, h external woody portion, where the bundles of vascular tissue are 
more numerous, I circle of more slender fibres, e cellular epidermal portion . 
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Stem op Dicotyledonous Plants. 

31. As this kind of stem is peculiar to all our common trees, and to the 
great majority of plants, it requires our special attention. 

In all these stems the bundles of vasciilar tissue are regularly arranged in 
concentric layers around a common centre, which is formed of parenchymatous 
cells, and is called the The growth of the stem not only takes place 

at the extremities of the vascular bundles, but also by the formation of new 
circles of vascular bundles at the circumference of the tree. 

Before we, however, proceed to investigate the position of the bundles of 
vascular tissue in dicotyledonous stems, it is necessary that wc should examine 

one very carefully. Fig. 20represents a trans- 
verse section of a bundle of vascular tissue of 
a dicotyledonous plant, magnified 230 times. 
The arrow indicates the direction from 
within outwards. We here perceive the 
vascular bundle proper surrounded by a 
very large-celled tissue (a d h e f). The 
almost square cells a d form the epidermis 
on which follows the less dense cellular 
tissue of the bark. The latter surrounds a 
half-moon-shaped bundle of bast-cells c, 
which are separated, in the direction towards 
the interior, by a layer of cambium d dC d", 
from the bundles of vascular tissue, consist- 
ing of vessels and longittidinal cells. The 
latter tissues may be distinguished in the 
transverse section by the thicker walls (g g) and by their greater breadth 
(h h). It is further to be remarked that the cambium (§ 17) d d", appears 
on both sides of the bundles of vascular tissue, and extends to the next 
bundle, and thus presents an uninterrupted circle throughout the entire 
circumference of the stem. 

On examining the section of a one-year old dicotyledonous stem, magnified 
six times, as in fig. 21, we perceive several parts clearly distinguishable from 

each other, corresponding with the arrange- 
ment of the bundles of vascular tissue. 

Enclosed by the epidermis a is a large- 
celled tissue b f and w, in which a number of 
vascular bundles form a circle. In each of 
these we notice that the outer portion, consist- 
ing of bast-cells c, is separated by the cambium 
d from the inner woody portion e. The 
cambium forms a closed circle which penetrates 
through all the vascular bundles. 

In the Course of the further development of 
the stem, the parts ah c constitute the hark^ 
the vascular bundles e the wood^ and the cellular tissue / its pith. The 
tissue m penetrating between the vascular bundles, arc called the meddllary 
rays. The cambium is to be regarded as the most important part, since it is 
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the source of new bundles of vascular tissue which yeai* by year increase 
the circumference of the stem. 

32. The growth of a dicotyledonous stem is continued by the formation 
of a new circle of vascular bundles on the circumference of the stem in the 
second year. Each new bundle, as has already been shown, is produced in 
the cambium, and consequently is deposited between the wood and inner 
bark. 

Thus every year a new layer is deposited between the previous formation 
and the bark; and a section will exhibit these concentric rings of wood 
obviously distinct from each other ; and as one year is requisite for the for- 
mation of a single layer of wood, these depositions are named annual layers 



or rings. In lig. 22 we have a representation of a stem three years old, and 
in fig. 23 one of five years of age. 

As the cortical layers arc considerably less than the woody part of the 
vascular bundles, and as the cellular tissue of the bark increases but little, 
it follows that the bark does not increase in the same ratio as the wood, and 
consequently the annual layers are less distinct in the bark than in the wood. 
The annual rings are accordingly a certain indication of the age of a tree. 

The pith and medullary rays obtain little or no increase during the life of 
the tree ; and after a considerable period has elapsed the pith is no longer 
visible. 

The medullary rjiys may, however, be likewise recognised, in stems which 
arc many years old, by the longitudinal fissility of wood being more easy in 
the direction in which they penetrate between the bundles of vascular tissue ; 
the cleaved surfaces having a shining aspect which has been called the silver- 
grain of the timber. 

33. If we cut a horizontal section from an old and sound stem, it will be 
seen that the external or more recent woody rings possess a less degree of 
hardness than the inner rings which form the internal part of the stem. The 
younger wood, which is called sap-wood or alburnum^ may generally be dis- 
tinguished from the older, which is termed by carpenters heart-wood or 
duramen., by possessing d lighter colour. The use of sap-wood is generally 
avoided, if possible, since it fiivours the propagation of fungi and rot, and 
because it is moreover very liable to be attacked by the wood-worm. 

The difference in colour is particularly remarkable in the stem of the beech, 
in which the whitish alburnum forms a striking contrast with the reddish- 
brown heart-wood. In ebony wood the black duramen is surrounded by a 
well-defined layer of alburnum. 



400 


BOTANY. 


Lignifioation is effected by the walls of the cells which constitute the 
greater part of the bundles of vascular tissue, being gradually thickened by 
the deposition of new interior layers. In consequence of this continued 
deposition of new wood the cells, with the increasing age of the tree, become 
less adapted for the circulation of sap, and at last they dry up entirely 

In the course of time the harlc likewise undergoes essential changes. The 
epidermis bursts and soon entirely disappears as the branch or ster ' '-eases 
in circumference. “ As the additions to the wood} -layers on the outsiae and 
to the bast in the inside take place, there is a constant .ntk i going on, by 
which the bark becomes compressed, the fibres are o * separated so as to 
form meshes, its epidermis is thrown off, and the i fid 'cui.i is either detached 
along with it or is ruptured in various ways » give rise to Jie 

rugged appearance preseiibed by the eln and cork-oak. In some trees the 
bast is /ery distensible, and its outer cellular covering is not much developed, 
so that the surface re^ a* ns smooth, as in the Bee^h. The outer suberous 
layer sometimes .ira+p'- witu the epider s in thin plates or scales. In 
the Birch these have a wh'^e and silvery aspect. There is thus a continual 
destruction and separat' /u of dAfferent nortions of the bark. The cellular 
envelope and liber may remain while tlio epiphlocum separates, and they 
also may be gradually pushefi off, the parts which were at first internal 
becoming external.” The inner bark or hast is separated from the vascular 
tissue of the stem by the cambium, and may be detached with the bark. 
This may be effected mos. easily in the spring when there is a great abun- 
dance of sap. Its tenacious properties have led to its being employed for 
many ornamental purposes, that of the paper mulberry-; ree being used in 
the manufacture of Chinese paper. 

From the preceding statements it will '* seen that in examining a stem 
or branch of a tree from without inwards ^^-e meet with the following pares, 
arranged in the order in which they arc ghen : — 1. the hark^ consisting of 
several layers; 2. the cambium ; 3. the young wood . alburnum \ 4, the old 
wood or duramen ; 5. th pith. 

Functions of the Stem. 

34. The stem is t^ e mediun. of communication between the most remote 
parts of the plant, viz., the root and the leaves. Through the stern rise the 
Iluids absorbed by the fine ramifications of the root to the buds from which 
are developed leaves, flowers, and fruit or young shoots. But the duty of 
maintaining this communication is fulfilled by the entire stem only during 
the first year cf its existence ; at a later period this function is performed 
almost solely by the cambium layers of the newly-formed bundles of woody 
tissue, and by the layer immediately under the rind. Our old hollow oaks, 
elms, and willows sufficiently prove this fact. In these, the whole, or almost 
the whole of the wood is decayed ; nevertheless, they still continue to live 
and have a green and vigorous old age. 

But let us suppose that the bark is removed, and that the sappy cambial 
layers are exposed to the effects of the sun and atmosphere, we shall soon 
perceive that these shrink, shrivel, and dry up, and are no longer in a con- 
dition to afford a passage for the sap. If the rind be removed all round 
about the stem, the death of the tree is the inevitable consequence. Hence 
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carpenters usually bark the freshly-ciit willow poles about a finger’s breadth, 
before placing them in the ground, to prevent them from taking root afresh 
and producing new leaves. These sap-conveying layers are, besides, the 
abode the larvee of many insects, which often devour the cambial tissues 
all rouiiU the tree, and thus occasion the destruction of entire woods and 
forests. 

If, however, the tree be accidentally deprived of only a portion of its bark, 
and when the denuded part does not extend all round the stem, the bark 
may be renovated by the activity of the tissues ; and this will be consider- 
ably promoted and accelerated by protecting the wounded parts from the 
injurious effects of solar and atmospheric influences by a plaster of clay, 
marl, or any adhesive compost. 

Leaves. 

35. The lateral developments surrounding the stem or branches, viz., 
organs which assume an expanded, flaltencd development, in contnist with 
the cylindrical form of the root and stem, are called leaves. Both air and 
light are necessary for their development, and they arc consequently never 
found perfectly formed on the subterranean parts of plants. 

'rhey are distinguished by j>eeuliar names according to their position or 
situation on the stem or branch. Commencing with the lowermost, we have, 
1st. enih'yonic leaf or seed-lobe (Cotyledon), which generally falls off’ 
aflcr the development of the other leaves. 2d. 'fhe radical or root-leaves, 
which grow next to the root, and arc generally distinguished by a fonn 
differing in some respects from the upper leaves. 3rd. The stalk-leaves, 
4th. The stipules, which grow at the ba c of the stem-leaves in certain 
families of i)laiits. r)th. The JJracts or Jhral leaves, which appear on the 
upper part of a stem or branch, and bear in the axils (axis, their angle formed 
by tlieir own axis and the axis of the branch or stem on which they grow) 
a flower- or fruit-bud. Bracts or floral lcav(\s are distinguished from the 
stem-leaves by a dilfererice or modification of their f m, and sometimes by 
their colour and consistence. 

The leaves developed on the vciy extremities of a chief or lateral a-xis vary 
from other leaves so remarkably, both in shape and fuiictions, that they 
receive a different name, viz., blossoms, and are described as independent 
organs. All the above-mentioned forms of foliage do not exist on every 
plant ; and as the stern-leaf is the most important of these Ibliaceous appen- 
dages, this organ is meant when we speak simply of the leaf. 

3G. Sometimes the leaf appears at its base, i. e. the place nearest its point 
of attachment, as a semicircular investment of the stem, sometimes it entirely 
embraces the latter organ and is named a sheathimj leaf. We find examples 
of this in the family of grasses, the leaves of which are all furnished with 
sheaths enveloping part of the stem. The leaf in general is connected by its 
base with the stem or branch through the intervention of an organ called a 
petiole or leaf-stalk ; and from this petiole the lamina (blade) or leaf- proper 
is developed. When the petiole is so short as scarcely to be seen, the leaf is 
said to be sessile or sitting; and in this latter case the leaf often forms a 
semicircular sheath at its base, half surrounding the stem. The angle formed 
between the leaf or leaf-stalk and the stem is called the axil of the leaf. 
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37. The manifold diversities and modifications of leaves, both in form and 
arrangement, are so manifest as to be obvious even to the most superficial 
observers. They not only afford characteristic marks which distinguish cer- 
tain species of plants, but even whole genera and families can be certainly 
identified by their means alone. Therefore the student lias to pay especial 
attention to the forms of the leaves, comparing and discriminating the simi- 
larities and dissimilarities which occur among these infinitely-numerous and 
extremely-diversified objects, of which only a slight sketch can be given in 
the present work. 

In studying the leaves, special notice must be taken of the distribution 
of the bundles of vascular tissue which constitute the nerves, as also of their 
form or shape, the nat\irc of their margins, of their points or extremities, and 
of the base, and, finally, of their strength, and likewise of those qualities 
which occur only as exceptional cases. 

The bundle of vascular tissue proceeding from the stern, and constituting 
the more solid part of the petiole when present, forms the venation^ or 
nervous system of the leaf. The nerves are easily to be distinguished from 
the rest of the leaf by their lighter colour and closer consistency. 

The way in which they are distributed in the lamina or blade is twofold. 
In the first case they are separated at the base of the leaf-blade into several 
parallel or curvilineal nerves^ which extend longitudinally and again unite 
towards the apex (extremhy or point of the leaf). Examples of this peculiar 
nervation occur in most irwnocotyUdonous plants, as Grasses, Orchids, &c. 
(Compare § 28.) 

In the second case there is usually a central nerve^ called the mid-rih^ 
which extends to the extremity of the leaf, and sends out ramijications or 
lateral nerves. These lateral nerves are either j[>ara^fer(pinnate-nerved), or 
form a sort of network over the whole blade, and are hence called reticulate 
(disposed somewhat like the meshes of a net). This mode of nervation is 
peculiar to dicotyledonous plants, and forms one of the characters by which 
this class is most readily distinguished. 

In all the forms above mentioned, the petiole and its continuations, that is, 
the mid-rib and the lateral nerves, are all in the same plane. There are some 
leaves, however, named peltate (like a shield or buckler), in which the leaf- 
nerves form an angle with the petiole. This form is exemplified by the leaf 
of the Castor-oil phirit, &c. 

Such terms as three- ,four-j Jive-nerved^palmate-nerved, need no explanation. 
When the central nerve is very short, and the two lateral nerves are strong 
and subdivided, the nervation is called pedate. 

Foums of Leaves. 

38. The shape or form of these organs is always regulated or modified by 

the divergence, ramification, and greater or less extension of the divisions of 
the primary nerve or mid- rib, and also by the position and length of the 
branching lateral nerves. When the median nerve and its divisions or its 
branches diverge in the same plane, the leaf is flat and thin ; when the 
divisions or the ramifications lie in different planes, or diverge in different 
directions, the leaf is either orbicular on peltate^ or sometimes digitate^ 

and pedcie forms are produced (see figs. 24, 27, 28, 29,), or else succulent 
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leaves, like those of Sedum acre (see figs. *30, 31). The complete leaf consists 
of two parts— first, the petiole or leaf-stalk, which connects the flattened or 



expanded portion to the stem or branch, and, second, the lamina or blade of 
the leaf (see fig. 25 Z). The petiole is composed of the united bundles of 



vascular tissues; the blade is formed by the extension, divarication, and 
reticulation of the vascular bundles, the interstices being filled up with 
cellular tissue (plurenchyma)^ and the whole covered by the epidermis. The 
petiole is not always present ; and when it is absent, the leaf is sessile (sedeo, 
I sit). When sessile leaves embrace the stem they are called ampUodcaul 
(ampketij to .embrace, and caulis, a stalk). 

39. The most obvious division of leaves is into simple and compound. In 
the former case the blade of the leaf consists of but one piece, either entire or 
variously cleft or parted (see figs. 34, 35, 3G, 37, 38, 39, 40). Compound 
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leaves are composed of one or several pieces called leaflets, jointed or 
articulated to the common petiole (see figs. 65, 66). 

40. Simple Leaves, — It has already been stated that the figure of the leaf 
is modified by the divisions of the median or primary nerve, and by the 



divergency and length of the secondary or branching nerves. When the 
parenchyma is equally developed on each side of the mid-rib or leaf-stalk, 


t the leaf is called equal (fig. 
/vM^ AA otherwise, the leaf is 

/vSvA m:/ /n vA 1^ unequal or obliqite (fig. 38). 

P ll ® Tlie common and dog violete 

afford examplesof equal leaves, 
lY Elm and Begonia of unequal 

or oblique leaves. When the 
nerves have only a very slight 
divergence, and proceed from the base to the apex in lines nearly parallel 



with the mid-rib, the leaf is acicular, as in the pine tribe, or linear^ as 
in the grasses (fig. 47). When the divergence or the length of the 
secondary nerves is small, and tlie leaf tapers at each end, it is called 
lanceolate {lancea^ a spear,) (fig. 50). If the middle, secondary, or 
branching nerves only slightly exceed in length the other lateral nerves, 
and if the base and apex be convex, the leaf is said to be rounded^ 
elliptical^ or oval (figs. 48, 54, 42) ; if the basal nerves be the longest, 
the leaf is ovate or egg-shaped (fig. 45) ; on the contrary, if the nerves 
at the apex be the longest, the leaf is ohovate, or inversely egg-shaped. 
The cuneate and spathulate (wedge-shaped and spatula-like fonns) are 
only modifications of this latter disposition of the nerves (sec figs. 56, 
41). When the nervation is prolonged downwards at an obtuse angle 

with the mid'ril) so as to form two rounded lobes, the leaf is cordate or 
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heart-shaped, as in the sweet and dog violets (fig. 46) ; when the parenchyma 
is deficient at the apex, and similar rounded lobes are formed at the summit, 
the leaf is said to be obcordate^ or inversely heart-shaped, as in the leaflets of 
white clover (fig. 36) ; when the base is strongly lobed, and the apex broadly 
rounded, the leaf is said to be reniform^ or kidiiey-sliaped (fig, 53) ; when 
the lobes are extended down- 
wards and terminate in acute A !K 

angles, the or arrow- V''!\ j ^ 

shaped leaf is produced, as J 

in Sagittaria sagittifolia ffig. /) VvU i 

49). Succulent leaves are wX I 

produced, as already stated, ^ j j ^ ^ ^ A/ v 

by the divergence of the Li ^ 

nerves in different planes with 22 

a large development of cell- 
ular tissue, and their forms are usualJy conical^ prismatical^ ensiform {ensis^ a 
sword), acinadform. (acinaces^ a scimitar), or dolahriform {dolahra, a hatchet), 
(figs. 30, 31). When the lobes of the base are united so as to surround the 
stem, the leaf is perfoliate ^ 

(fig. 57); when two leaves A y 

grow together at the base, i- / ' M ' n y \/ jAf 

and thus surround the 

stem, the leaf is ^ 

as in Honeysuckles; when V 

the parenchyma is de- 
veloped so as to fill up 

more than the interstitial places in the reticulation, the leaf is said to be cmy?, 
wavy^ or curled^ as in Rheum undulatum (fig. 33), also in many species of 
liumex (Dock) and Mallow ; when the leaves surround the stem in a radiat- 
ing* manner, as in the various 

Galiums, tlie leaf is wliorled V 

(fig. 52); when the leaf ends /\T\ 

abruptly in a straight margin, /WJ Ai/'A l\m wrx m 
either at the apex or base, the V v '1^1 ( j A'Y I 

leaf is truncate (figs. 55, 44) ; (J w V-* ^ 

when the apex is only slightly '^r 

notched, the leaf is called etn- 57 . 58. 50. CO. 61. 

arginate (fig. 26); when the 

depression is very slight, it is called retuse (retusus, blunt,) (fig. 58) ; when 
the point of a leaf is very long, it is called acuminate (fig. 60) ; when the 
point is very hard and sharp, it is called mucronate (jnucro^ a point,) (fig. 61). 

41. The margin of the leaf is either entire or it is variously parted, cleft, 
notched, crenated, crenulate, or sinuous. When there is no projection nor 
incision in the margin, the leaf is cfilled entire (figs. 42--46) ; when the 
margin is furnished with rounded prominences, it is either crenated or 
crenulate, according as the projections are greater or smaller, and the inden- 


tations of greater or less depth (fig. 60). If the projections are pointed and 
diverge at right angles to the mid-rib or base, the leaf is dentate (dens^ a 
tooth,) (fig. 56). When the projections point towards the summit, the leaf 
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is serrate (scrro, a saw). If there be two series of teeth on the margin, i e. 
if the primary teeth are also serrated, the leaf is then dovhly serrate (fig. G2). 
When the projections or prominences are far apart the margin is said to be 

simous or flcxuous (figs. 63, 58, 
60). If the incisions reach half- 
Wciy, or nearly half-way, from tlie 
margin to the mid-rib, the leaf 
is said to be clejt, or divided 
(ilg. 39), and the separated 
portions are called lohcs; when 
the incision reaches near to 
the mid-rib, the leaf is partite^ 
or parted (fig. 40). Hastate^ 
aw'icuUxtc^ lyrate^ and pandurifomi 
leaves are merely varieties of the 
cleft or partite leaf, the sinus or 
portion of the leaf not filled up 
with parenchyma being wider 
(figs. 64, 34, 35). The difference 
between the hastate and the 
auriculate leaf consists solely in 
the lobes of the former being horizontal, as in Rurnex acetosella, in the latter 
these are directed towards the apex (see fig. 64). The palmate^ digitate, and 
pedate forms of foliage are dependent on the number of divisions of the mid- 
rib or petiolary vascular bundles, and bear names indicative of the number 
of their lobes or partitions, as tnjld (three-cleft), quadrijid (fbur-clcft), 
quinquefid (five-cleft), and so on (figs. 27, 28, 39). When the lobes or par- 
titions are arranged in a winged manner, or forming angles with the mid- 
rib, the leaf is pinnatifid (pinna, a wing, and jindo, I cleave,) (fig. 40) ; when 
the nervation is radiating, and not in the same plane as the petiole, the Jeaf 
may be either orbicular, as in Hydrocotyle, or peltate (pelta, a buckler), as in 
JRicinus Palma Christi, as already stated (figs. 24, 28). 

42. Compound Leaves . — When the incisions of the leaf extend from the 
margin to the mid-rib, and when each portion of the compound leaf is 
separately jointed to the common petiole or mid-rib, such a leaf is compound, 
whether it consists of only one leaflet, as in Orange, or of an indefinite 
number, as in Acacia. When there is only one series of leaflets on each side 
of the mid-rib, the leaf is simply pinnate (pinna, a wing,) (fig. 65) ; when the 
leaflets or pinnae are again subdivided, forming a secondary series of leaflets, 
the compound leaf is double- or bi-pinnate (fig. 66) ; when these secondary 
leaflets, or pinnules, are subdivided a third time, the leaf is thrice- or tri- 
pinnate, or ^compound (fig. 67). This %ure also represents a supra-decom- 
pound leaf, in which the subdivisions are still further extended. When the 
leaflets are opposite, without the intervention of a small or rudimentary 
leaflet, and without a terminating odd leaflet, the leaf is called pari-pinnate, 
or equally pinnate (fig. 66) ; when otherwise, impari-pinnate, or unequally 
pinnate (fig. 65). When the pinnae are of different sizes, or deficient, the 
leaf is interruptedly pinnate (fig. 68). When all the leaflets originate in the 
same point of the common petiole, the leaf is trifoliate, quadrifoliate, quinque- 
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foliate^ sepiennate^ accordingly as the number of leaflets may be, viz., three, 
four, five, or seven (figs. 36, 37, 69). The compound leaf may also be 


im 


hi-tematej tri-ternate (fig. 70), a form abundantly illustrated by Archangel 
and several umbelliferous plants. 

Function of Leaves. 

43. The great importance of these organs in the economy of vegetation may 
be understood from the fact, that a tree constantly deprived of its leaves is 
ultimately destroyed, and that even their temporary or partial removal cssen* 
tially retards its healthy development. 
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The function of the leaves, chiefly carried on through the stomata, described 
in § 18, is twofold, viz., first, the evaporation of watery fluids, and second, 
absorption and exhalation of different gases. 

44. Plants do not assimilate the whole of the water absorbed by their 
roots, but exhale more than two- thirds through the medium of their leaves. 
The evaporation takes place through the stomata (described at page 391), of 
which there are on an average 300 on every square line of an ordinary loaf. 
The sap remaining in the cells of the leaves is thus necessarily rendered more 
concentrated, and according to the laws of endosmose, enumerated at page 
388, the entrance of the more dilute fluids is accomplished, and consequently 
the circulation of sap through the entire plant is effected. The non-volatile 
mineral constituents which the water had absorbed from the soil remain in 
the cells of the leaves, and hence these latter organs when burned, yield a 
large proportion of ash. The copious evaporation taking place from the 
surface of the leaves has a simsible effect on the temperature of the atmos- 
phere, and the effects of extensive woods, and richly-cultivated fields, upon 
the climate of a country is now easily understood. It has been observed 
that a tree of moderate size exhales, in the space of 10 hours, 15 lbs. of 
water, and that an acre of wheat evaporates daily (5 millions of lbs. 

45. Under the influence of solar light the leaves exhale oxygen, whilst on 
the contrary, during the night they inhale oxygen and exhale carbonic acid. 
It is also true that the leaves are capable of inhaling both carbonic acid and 
aqueous vapour from the atmosphere for the nutrition of the plant, although 
this process is generally accomplished through the agency of the roots. 

It only remains to be noticed, that all the functions described in this para- 
graph, and attributed to the agency of leaves, may be performed by any 
other green portions of the plant, provided that these portions be furnished 
with stomata. 

OKGANS OF INCREASE AND REPRODUCTION. 

46. If the subjects of the vegetable kingdom had not been originally 
endowed with a marvellous capability of continually renovating and repro- 
ducing themselves, it is very evident, from the prodigious amount of destruc- 
tion effected through the various accidents to which they are liable, as well 
as through their incessant consumption by both man and beast, that they 
must long ago have vanished from the earth and have left its surfiice a cheer- 
less desert. Every plant, however, is created with a reproductive power, 
which, in fecundity, far surpasses the most prolific of animals ; and every 
plant, so produced, is again capable, under favourable circumstances, of pro- 
ducing a race of plants as numerous as that of its parent. 

At first sight, these reproductive and propagative organs present such 
dissimilarities in the different plants, that it would seem impossible to com- 
prise them under the same head. However, if we call to mind what has 
been said in § 6, in reference to the life of the cell and to its functions, the 
matter will appear more simple and easy. 

In the case of certain plants — viz., those of the lower order which are 
denominated arMyledonm plants (see 1 29)— propagation is effected by means 

of peculiar cells, called germinating cells, embryo cells, or spores, and which 
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detach themselves readily from the parentplant, and, falling on the soil about, 
enter at once upon an independent existence of their own, and secure thus the 
perpetuation of the species. In all other classes of plants, the production and 
development of the new plant is a much more complicated affair, being 
dependent on the presence of certain organs of most peculiar structure, and 
very distinct from all other parts of the plant, viz. , the Jlowers, As we shall see 
hereafter, there are formed in certain parts of the flower, small seminal buds, 
more commonly called omdes, and which are intended to receive the fertilis- 
ing grains of the pollen, and to form afterwards the young plant or enihryo. 
When the latter is folly developed and matured the ovule separates from 
the mother-plant, and receives now the name of seed. It is well known that 
seeds, under circumstances suitable to the exigencies of their nature, will 
germinate and produce perfect plants, even though they may have been lying 
dormant for a long time. 

Finally, many parts of plants are possessed of an innate vitjility of their 
own wliich enables them, under favourable circumstances, to live on, when 
severed from the parent stem, and to grow an independent individual of the 
species ; the buds which we find growing on branches, leaves, tubers, and 
bulbs, are possessed of this faculty. 

In the following paragraplis we shall investigate the nature and properties 
of the several forms of the bud, and those of the flower and the fruit. 


The Bui>. 


47. The rudiments of future and more extensive development are found 
not only at the apex of the principal axis of a plant, but also on its cir- 
cumference, and on its secondary or lateral axes. 

These rudimentary parts or buds present themselves 
in the form of shortened axes, surrounded by a cluster 
of closely-imbricated leaflets, the outermost of which 
have generally the appearance of brown scales. Such 
a miniature axis is named hml or eye^ and is 
represented in fig. 71. It is called a terminal hud 
when formed on the extremity of the principal axis 
(ht)^ and a lateral hud when it forms the apex of a 
branch (ha^ 6a, ha). The buds produced on the 
periphery of the stem or branch are always found in the 
axil of previously-formed leaves, and the arrangement 
of the branches, like that of the leaves (see § 42), fol- 
lows accordingly a definite order. 

The bud placed under circumstances adapted to the 
exigences of its nature, developes itself and forms an 
independent axis, the crowded and imbricated rudimentary leaflets growing 
gradually into leaves, placed at proper distances from each other ; and, in 
course of time, new buds are again formed in their axils. 

On a sectional examination of buds, certain differences are observed, viz., 
it is seen whether the future axis will produce a flower, which will termi- 
nate its growth, or whether it constitutes the rudiments of a leafy twig or 
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branch; in the former case it is called a flower or fruit-hud^ in the latter a 
kaf-hud. 

The bud may either be further developed immediately after its appear- 
ance, or its future development may be retarded for a time, during which 
it remains in an apparently dormant condition ; as is the case, for instance, 
with our fruit trees, whose buds, formed during the previous summer, are 
not developed till the spring following. These hybernating buds are there- 
fore covered and protected by leathery (coriaceous) scales, whereas buds 
that expand soon after their formation have no such protecting appendages, 
and present the colour of the leaves. 

The bud contributes in various vrays to the propagation of the mother 
plant. Either new plants spring from the buds of the lateral shoots or 
runners — of which mode of propj-gation tlic strawberry furnishes a familiar 
instance — or, the propagation is effected artificially by the process of layer- 
ing^ which is resorted to more particularly with the vine and the gilliflower, 
and consists in partially severing a twfig growing near the ground and cover- 
ing it with earth, that it may take root, or by sticking into the ground such 
shoots or twigs with at least one hud. The latter process answers more 
especially in the case of succulent plants, such as cactus, the oleaginous 
plants, and the soft-woods (willovr, poplar, c&c., &c.). Heat and moisture 
promote the growth of the roots. It is by this means that our florists provide 
for the propagation of nearly all our ornamental plants. All our weeping- 
willows are said to proceed from a green twig of that plant stuck into the 
ground by Alexander Pope^ who had found it in a fig-basket coming from 
Smyrna. 

48. Buds possess the remarkable property of developing themselves, even 
when severed from the mother plant, provided they be placed in a situation 
where they can appropriate to themselves the nutriment necessary for their 
growth. To this end, the bud is transferred to another kindred plant in a 
manner to place it in as near as possible the same relation to the latter in 
which it originally stood to its parent. If the operation is limited to a bud 
only, we call it inoculation or budding-^ but if a twig or scion (a graft) is 
transferred from one plant to another, we call it gr^ing. As the bud or 
graft transferred produces an axis or branch which possesses all the qualities 
of the mother plant, this practice affords an invaluable means of transferring 
the flowers and fruits of plants improved by cultivation to the wild varieties 
of the same species. 

Inoculation, or Budding. 

49. Budding is practised chiefly to improve or ennoble the wild stocks of 
the rose. The stock on which it is intended to perform the operation is 
transplanted into the garden, and when it has fully adapted itself to the new 
soil, a T-shaped incision is made in the bark down to the albiunum (see 
fig. 72) ; a bud is then removed from a cultivated rose branch along with 
the leaf in the axil of which it sits, and with a portion of the bark cut out in 
the shape of a small shield (see fig. 73) ; the bark at the incision in the 
wild stock is gently raised, the shield inserted into the slit, pushed gently 
downwards, and secured with bast or woollen yam (see fig. 74) ; this is 
termed moculation witb tbe shooting eye. If the operation is pei^Pormed in 
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spring, the stem is cut off transversely above the engrafted bud, and all the wild 
buds beneath are cleared away 
that the graft may derive the 
largest possible supply of nutri- 
tive matter from the stock. The 
engrafted bud speedily pro- 
duces an axis which brings forth 
flowers in the same summer. If 
the operation is performed after 
mid-summer — which Ls termed 
inoculation with the dormant 
eye or bud — the removal of the 
stem above the engrafted bud is 
deferred till next spring. 

Grafting. 

50. In this process a young twig, slip, or scion, with three or four buds on it, 
and which is called a grafts is transferred from one plant to another. Part 
of the stem of the wild stock (in the case of young plants), or part of one 
of the principal branches (in the case of grown trees), is sawed off transversely, 
and a- cleft is made on the 
cut with a strong knife or 
cleaver, or with* a sharp- 
pointed wedge (see fig. 75). 

The graft, cut wedge-shaped 
at the lower end (sec fig. 70), 
is inserted into the slit (see 
fig. 77), which is then pro- 
tected from light, air, and 
water, by stopping it up 
with bees’ wax or clay, and 
tying moss or cloth round it. 

Occasionally a with 

a piece of bark attached, is 
inserted into the bark of a 
young stock, in the same 
way as in the process of budding (see § 49). This method of grafting has this 
great advantage, that, in case of fiiilure, the stock Ls left uninjured ; whereas 
miscarriage in clejt grafting involves almost always the decay of the stock. 

In another method, which is termed copulation, a slip from a cultivated 
plant is shaped to a point at the lower end, inserted into a corresponding in- 
cision in a wild stock of equal thickness, and secured all round with bees’ 
wax or clay, and bast or woollen yarn. 

All these operations again admit of various modifications, and are per- 
formed with greater or less minuteness. The one great requisite, however, 
in each of them is, to effect the most intimate contact between the cut faces 
of the graft and stock, since this alone can secure the union of the two. Tlie 
operation of grafting is perforn^d mostly in the beginning of spring, when 
th^ circulation of the sap is most vigorous. 

T 
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-.^nity between the graft and the stock, as regards their sap, &c,, is an 
indispensable condition to the success of the operations of grafting and bud- 
ding ; thus, for iiistance, roses or apricots cannot of course be engrafted on 
the oak tree. 

The Bulb. 

51. A hulh is aleaf-bud coveredwith comparatively largefleshy and succulent 
scales. Bulbs spring principally from subterranean stems. In certain 
plants, however — for instance, in the leek, and in the bulb-bearing lily — bulbs 
are produced also on the aerial stem, in the axil of the leaves or scales. The 
hulh^ detached from the parent plant, has the power of extending its axis in 
the two opposite directions, thus sending forth both roots and leaves ; this 
power it retains at least a twelvemonth, if properly protected from wet ; but 
if bulbs are kept in a damp place, they speedily rot. 

New bulbs or chves are produced fi-om the subterranean axis ; after their 
production the parent -bulb decays, having fulfilled the purpose of its 
existence. 


The Tuber. 

52. On the tuher also we find buds endowed with the power of independent 
development ; surrounded, however, not by scales as in the bulb, but by an 
accumulation of parenchymatous tissue, abundantly supplied with water, 
starch, and mucilage, and thus affording ample nutriment to the buds. 

The tuber generally contains several eyes or buds, which sometimes, how- 
ever, become visible only when they begin to shoot ; they retain their vitality 
and productive power for at least a twelvemonth, if properly preserved from 
the rot. 


The Flower. 

53. Let not the botanist be blamed if, in his contemplation of the flower, 
he seems to feel less interest in the beauty and gracefulness of its forms, the 
gorgeousness of its tints, and the sweet fi:agrance of its odor, than in the 
minute details of its structure and arrangement. The attention which he 
bestows on these minutiae does not lessen his appreciation of the beauties 
of the whole — as little as the admiration with which we view a work of art can 
be said to be lessened by a careful study of the means and principles of its 
production. It is one thing to gaze and wonder ; it is another to comprehend 
and enjoy. 

We call /oitfcr, the whorl of peculiarly-shaped leaves arranged on the apex 
of an axis of a plant, and which are intended to subserve the production of 
the fruit. These leaves differ essentially in form and appearance from the 
ordinary leaves of the plant. A perfect flower consists of four distinct rows 
of leaves, arranged one within the other, and which are technically called 
whorls or verticils. The outermost whorl is called the calyx; the next to it, 
the corolla ; the next,* the stamens ; and the innermost whorl, the pistil The 
two outer whorls, the calyx and corolla, are called also floral envelopes ; they 
take no part in the production of the fruit, ai^d occasionally arc, one or both 
of them, abortive or absent, without their absence frustrating the object of 
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the floral functions. The two inner whorls, the stamens and the pistil^ on 
the contrary, are indispensable for the production of the fruit ; they are 
accordingly termed essential organs. 

1. The Calyx. 

54. The calycine leaves [sepals^ foliolxi^ or phylla\ bear in structure and 
color considerable resemblance to the ordinary leaves of the plant ; in many 
plants, however, they are colored differently : in the fuchsia^ for instance, a line 
scarlet. The calyx is sometimes ahm'iive^ or it falls off before the flower ex- 
pands, as in poppies, in which case it is said to be caducous ; or along with the 
corolla, as in ranunculus, in which case it is said to be deciduous. In plants where 
the essential organs arc surrounded by wie outer whorl only, as is the case, 
for instance, with the tulip, it is left undecided whether this is to be looked 
upon in the light of s^calyx^ or of a corolla, and the more comprehensive term 
envelope is applied to it. The calycine leaves either stand separate from 
each other, or they are laterally united to a greater or less extent ; in the former 
case, the calyx is said to hQpolysepalous or polyphyllous; in the latter, ganiosepa- 
lous or gamophyllous, mouosepalous or monophyllous. In iho polysepalous calyx 
we count the individual sepals and describe their form and position ; in the 
monosepalous calyx tlie principal objects of consideration are the simps and 
the divisions at the apex, wdiich are cither single projections in the form of 
acute or obtuse teeth, or Assures extending about half-way down; or 
partitions reaching down to near the foot of the basis of the calyx. The 
lower part of the calyx is called the throat. 

In shape calyx is tuhxdar or cylindrical (flg. 78); eJavate or club-shaped 
(flg. 79) ; tnrUnate or top-shaped (Ag. 80); campamdate or hell-shaped (Ag. 81) ; 
infundihuliform or funml-shaped (Ag, 82) ; urceolate or urn-shaped (flg. 83) ; 
globular (fig. 84) ; injlated, &c. 
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The throat of the calyx is either naked, or covered with hairs, which some- 
times completely close it up. 

When the sepals arc of equal development and size, the calyx is termed 

rtgvlwr ; in the contrary case, irregular. A common form of the irregular 
monosepalous calyx is the two-lipped or labiate calyx, which is divided by a 
slit into two so-called lips or laibia, and of which sage affords a familiar 
instance. 
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2. The Corolla. 

55. The leaves of the corolla {petals) differ much more from the ordinary 
leaves of plants than the sepals do. It is in the petals that reside the gay 
colors and fragrant odors of flowers which form one of the principal 
inducements to their cultivation. 

The corolla bears in many respects considerable analogy to the calyx. It 
is, like tlie latter, regular^ or irregular^ and its petals are, like the sepals of the 
calyx, either separate^ in which case the corolla is termed polypeUdom^ or 
united^ in which case it is called moiwpeUdous or gamopetalotis. 

In a petal we distinguish the upper broader portion, resembling the blade 
of a leaf, and which is called lamina or limh^ and the lower narrow portion, 
resembling the petiole of a leaf, and which is called the unguis or claw. 
These two parts may be seen very clearly in the petals of the pink. 

Many of the forms of the monopctalous corolla correspond to the forms of 
the calyx illustrated in § 54, and are therefore designated by the same 

names. Among the 
* \ forms of the regular 

monopetalous corolla 
m ' i I ^ mention here 

1 1 the globular (fig. 85), 

vili /ift urcGolate or urn- 

IK shaped (fig. 86), the 

ll if campanulate or bell- 

\ I I shaped (fig. 88 ), the 

•f i f tubular (figs. 87 and 

Tr I infundibulu 

m I \\ I I I form or funneUshaped 

%1 A ^ bj/po~ 

crater^m or salver- 
shaped (fig. 91), the 
^ ¥ rotate or wfiedrskaped, 

87 . 88 . 89. 9ft 


56. Of the forms of the irregular corolla, the following two— the one 
polypetalous, the other monopetalous — are the most common. 
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The papilimaceous corolla (fig. 93) consists of five petals ; viz., one supe- 
rior (or posterior^, usually larger than the rest, and called the vexSllum or 
standard ; two lateral, the aim or wings ; and two inferior (or anterior), joined 
together to form a pointed beak called the carina or hed. This corolla is 
found in the pea and bean tribe, and the numerous plants which constitute 
the order of the Papilionacew. 

In the Labiate or lipped corolla (fig. 94), the limb is split into two parts, which, 
from a fancied resemblance to the mouth, are called la^ia or lips. The upper 
lip is sometimes strongly arched, in which case it is called galea or helmet ; 
the lower lip is generally divided into three parts or 
lobes. The tubular part of the corolla is called faux 
or throat When the gap or hiatus between the lips 
is wide and open, the corolla is said to be ringent; 
but when the throat is closed by a projection of 
the lower lip pressing against the upper, as in 
snapdragon, the corolla is said to be personate or 
marked. 

The labiate corolla chiiracterises the great and important labiate 
family to which belong, among others, salvia (sage) and Lamimri (dead 
nettle). 



‘ 3. The Stasiens. 

57. The third floral whorl or verticil is constituted by the stamens^ which, 
like other parts of the flower, are modified leaves resembling the leaf, or 
rather the petal, in structure, development, and arrangement, but greatly 
diftering from it in shape ; so much so, indeed, that one would hardly see the 
relation between them, were it not that the gradual transition from petals to 
stamens, or, vice versc% from stamens to petals (in flowers becoming double 
by cultivation), may be clearly traced in many flowers. 

If we examine, for instance, the corolla of the white water-lily, or of the 
pink or double rose, we find the petals gradually diminishing in size towards 

the centre : still farther to the centre we see 
them crowned with a little yellow head ; those 
next to them are already partially filamentous, 
or thread*shaped (fig. 95); and, finally, the 
real stamens appear (figs. 96 and 97), which 
are more or less slender and elongated, and are 
mostly colorless. 

58. The stamen consists of two parts, a 
lower contracted portion, usually thread-like, 
and termed the filainent, and an upper broader 
portion, presenting the form of an oblong or 
globular bag, and termed the anther. The lat- 
ter, which contains a powdery matter, called 
poUen, is the essential part of the stamen. The filament is not essential to 
the stamen, and is often absent or abortive, in which ease the anther is said 

to be sessile. 

The stamens afford some of the most important characters for the classiii- 
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cation and description of plants ; in this respect, regard is paid to their num- 
ber, length, and position, and also to the circumstance, whether the filaments 
are frei, or more or less united with each other, or with other parts of the 
flower. Stamens, with filaments adhering to each other, are called adelphous 
{monadelphous, diadelphous, <&c.) 

59. The anther contains the pollen^ a powdery matter, usually yellow- 
colored, but sometimes also red, brown, violet, or green- colored. Pollen- 
grains vary from to of a line in diameter. Under a powerful mic- 
roscope they appear as ellipsoidal, or sometimes spherical, triangular, poly- 
hedral vesicles, tilled with a granular semi-fluid matter (Jbvilla). To efiect 
fecundation, the pollen-grains must come into contact with a certain part of the 
plant which is intended to receive them, and which is called the ovule, and 
is found in the fourth or innermost verticil of the flower, the pistil. Of the 
further development of the ovule, we shall have occasion to speak in the 
paragraph treating of the seed. 

At the proper time the anther opens and discharges its contents, the 
poUeii-grains, some of which reach the pLoce of their destination. The posi- 
tion of the stamens to the pistil is usually such that the latter can readily 
receive the pollen-grains. In many plants, however, the stamens are too 
short to reach the pistils ; or the two essential organs of reproduction are in 
separate flowers, or even on different plants. In such cases, the conveyance 
of the pollen from the anthers to the pistils is effected by the agency of the 
wind or by that of insects, and more particularly of the bee. If the anthers 
are removed from the flower previously to their dehiscence (opening), no fruit 
is produced. 

Varieties of flowers and fruits are produced artificially, by shaking the 
pollen of one plant upon the flowers of another, deprived of the stamens. 
Many esteemed sorts of stock-gilliflowers and pinks have been produced in 
this way. 

4. The Pistil. 

60. The pistil constitutes the fourth and innermost whorl, and occupies 
accordingly the centre of the flower and the apex of the axis, whose growth 
is terminated with the production of the fruit. 

The pistil also is formed by one or several modified leaves, called carpels, 
in this part of the flower, and which exhibit a more marked resemblance in 
color and structure to the ordinary leaves 
than the stamens and petals do. The forma- 
tion of the pistil from the leaf may be con- 
sidered to proceed in this manner, that the 
edges of the leaf are folded inwards and unite, 
whilst the mid-rib is prolonged upwards (fig. 

98). Theplacewherethe marginsof thefolded 
leaves are united, is called suture or seam (ven- 
tral suture, in contradistinction to the mid-rib, 
which is called the dorsal suture) ; and it is 
here that the seed-buds or are developed. 

The pistil consists of two parts, viz., the 
ovary or gmnen, which contains the ovules or 
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young seeds (fig. 99, a), and the stigrm (c)^ which is either seated imme- 
diately on the ovary, in which case it is called sesszYe, oris elevated on a stalk 
(6), interposed between the ovary and stigma, and called the styl^ The 
stigma presents various forms ; it may be globular, orbicular, ovoid, poly- 
hedral, radiating, feathery. It consists cf loose cellular tissue, and at the 
proper time secretes a viscid matter to detain the pollen. 

61. A pistil may consist of one single carpel^ but it is usually formed hv 
more than one ; in the former case it is simple^ in the latter, compound, ThV* 
carpels in the compound pistil are either separate and distinct, in which case 
the term apocarpous is applied to the pistil, or they are united, in which 
case the term syncarpous is applied to it. The union of the carpels in the 
syncarpous pistil may be complete, or incomplete ; in the former case, the 
number of carpels is indicated by the external venation, the grooves on the 
surface, and the internal divisions of the ovary ; in the latter, by the number 
of styles and stigmata. The manner in which the carpels are united pre- 
sents several modifications which exert some influence on the form of the 
fruit, and to which we shall have occasion to refer in the paragraph on the 
latter. 

The pistil also affords some of the most important characters for the clas- 
sification and description of plants. We must, however, remark hero, that 
in many plants, e.^., in firs and pines, the pistil is altogether absent, the 
ovules being naked, on which account these orders of plants are called 
gymnospermoi (see § 74). 

Position, Adhesion or Union, of the Several Parts op the Flower, 
Suppression op Certain Parts. 

62. In the preceding paragraphs we have examined the distinguishing 
characteristics of the several parts of the flower ; we have now still to con- 
sider here certain points bearing on the arrangement and mutual relation of 
these several parts, and which are of some importance in the description and 
classification of plants. The first of these points relates to the position of 
the several verticils. 

The regularly-formed floral axis presents a somewhat conical shape (fig. 



100) ; if the four verticils occupy their proper normal position, each outer 
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whorl is placed bdm its inner whorl; in other words, the calyx is placed 
below the corolla, the latter below the stamens, and the stamens finally below 
the pistil. A flower in which the whorls occupy this normal position is 
called hypogynms. It frequently happens, however, that the lower part of 
the fiord axis is raised, and forms around the apex a sort of ring (fig. 101), 
in which the outer whorls surround the pistils at a pretty equal height ; 
in this case the flower is called pmgynous. If the ring rises above the 
apex of the axis (fig. 102), the whorls are called epigi/nous, in relation to 
the pistils. 

63. The different verticils of tlio flower are frequently adherent. Adhe- 
sions are observed more particularly between the calyx, corolla, and stamens, 
as is seen, for instance, in the rose. In the flower of the apple-tree, &c. In 
many plants the stamens and pistil are united, as in the orchidacca\ 

Flowers in which both stamens and pistil are present, are called hernia- 
phrodite; those bearing stamens only are called male lhnrci\<; those having 
the pistil only, female jloircrs. When both these organs are absent th<‘ 
flowers are said to be nevtval. 

Plants bearing both male and female flowers on the same stem arc called 
monoecious^ as in the hazel and the oak. To those bearing the stamens and 
pistil on separate plants the term duvcious is applied ; to this class belong 
mercurialis, hemp, the willow, hop, Ac. 

Accidental Parts of the Flower. 

64. We designate by this tenn certain non-ess^*ntijd formations which are 
found only in some flowers ; as, for examph*, tlie crown, an intermediate 
form between the petals and the stamen.-., which is seen very distinctly as a 
red ring, in Narcissus poetica. Analogous to this are the scales or scaly 
processes attached to the stamens in the boraginacese, for instance, in Alyo- 
sotis palustris (Forget-me-not). Both these formations may perhaps be looked 
upon as bracts of tlie p(;tals (§ 3o). 

Honey-cups or nectaries are pits or depressions on the petals filled with a 
saccharine juice ; nectaried petals present sometimes a very peculiar form, 
resembling that of a horn or a .spur. 

Inflorescence or Anthotaxis. 

65. Having thus examined, in the preceding paragraphs, tJie several parts 
of the flower, there remains now still for us to consider tlie arrangement of 
the flower on the axis ; this arrangement is termed inflorescence or anthotaxis. 

That part of a primary or secondary axis on which the floral verticils arise 
is calliid the peduncle or stalk. If this part happens to be very short, the 
flower is said to be sesrile, A flower terminating a primary axis is called 
a Urminal flower ; all other flowers arc said to be lateral. The term axillary 
is applied to the flowers produced in the axil of leaves. 

A simple or branchless peduncle bears only one solitary terminal flower, 
as in the tulip ; a branched peduncle bears several flowers. 

The flowers are said to be scattered or dispersed, when they appear singly 
in differeut parts of the plants, and without any apparent arrangement. 
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Plants bearing flowers in clusters form several distinct groups, to which 
appropriate terms are applied indicative of their respective form of floral 
arrangement. 

66. In the examination of this kind of inflorescence {indefinite or axillary 
injbrescisnce) the first object of remark is the general or primary peduncle, 
termed rachis^ and which bears numerous leaflets called hracteoUs or hractktSy 
from whose axils arise the pedicellate^ or sessile flowers. The lower bracts 
often produce no flower-buds in their axils, and form instead a whorl sur- 
rounding the heads of flowers on the primary axis, and which is called invo- 
lucre (as in the sun-flower, for instance). 

67. The different varieties o(‘ axillary inflorescence are determined princi- 
pally by the elongation or deg ression of the axis, the presence or absence of 
stalks to the flowers, and the fo rm and nature of the bracts. W e distinguish — 



103 . 104 . 105 . 106 . 


1st. The spike (fig. 103). In this form of inflorescence, sessile or short- 
stalked flowers are arranged along the rachis in the axils of the bracts ; the 
spike is said to be compound when small spikes or spikelets arise again from 
the bracts of the secondary fixis. 2d. The catkiti or amentum (fig. 104); a 
spike, usually pendulous, which falls off, rachis and all, by an articulation, as 
in the willow or hazel. 3d. The spadix^ a thick fleshy spike (fig. 105) ; examp, ^ 
arum and calamus, 4th. Tlic cone^ a fruit-bearing spike covered with scales 
(fig. 106); ex.,, the coniferce. 5tli. The raceme or cluster, a spike with the 
flowers on longer pedicels (fig. 107); ex,, the currant. 6th. panicle, a 
branching raceme (fig. 108, Yucca gloriosa). 7th. The thyrsus, a dense panicle, 
with longer peduncles in the middle than at the extremities; ex., lilac. 8th. The 
. T 2 
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corynib^ a raceme, in which the lower flower stalks are elongated and raised 



107 . 108 . 109 . 

to nearly a level with the upper (fig. 109 — ea;., cerasus inahaleb), 9th. The com- 
pound or hramhing coiyinh, a corymb in which the secondary axis again sub- 
divides; ea?., Pgrus termincdis. 10th. The umbel: in this form the primary axis is 
greatly depressed, and the peduncles arise Irom a common point, and spread 
out like radii of nearly equal length, a whorl of bracts {involucre) surround- 





no. 111 . 

ing the common base. In the compound umbel (fig, 110— DawcMS carota\ the 
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secondary axes end again in small umbels {umhellvks\ surrounded equally by 
a whorl of bracts, which is termed an involuceh 

This most remarkable mode of inflorescence characterises the great family 
of the Umbelliferous plants, to which belong, among others, hemlock, carrot, 
caraway, parsley, &c. 

11th. Sometimes the floral axis or peduncle is considerably shortened and 
depressed, and bears numerous small flowers or florets either sessile or with 
very short pedicels, and arranged in a thick cluster, forming what is termed a 
capitulum or head, or a glomerulus or ball (fig. Ill, head of flowers or glom- 
erulus of ScaUosa atro-purpurea). The depressed axis is in these cases called 
a receptacle {or phoranthium.^ flower-bearer, or cUmnthiuni^ flower-bed). Some- 
times the receptacle is considerably enlarged and expanded in form of a disk. 
This constitutes a very peculiar kind of inflorescence, which characterises the 
great family of the compositce^ and is illustrated by fig. 112. 

We see here the enlarged floral axis or receptacle, a, surrounded by several 
whorls or bracts, h which constitute a general involucre ; the membranous 
bracts (paleoB\ V h\ seen 
in the receptacle, bear 
in their axils the sessile 
florets, c and tZ, which 
either have a calyx, e e, 
or not. The florets on 
the receptacle arc either 
all of them tubular {d); 
or ligulate (tongue or 
strap - shaped) ; florets 
(c) are associated with 
the tubular ones. The 
receptacle is not always 
flat, but frequently pre- 
sents a convex, globular, 
conical, concave, &c., 
shape. 

In the absence palece the receptacle is said to bo naked. The florets 
at the margin or circumference are termed marginal flowers^ or flowers of the 
ray ; the florets in the disk {centre)^ central flowers^ or flowers^ of the dish 

The Fruit. 

68. With the transmission of the pollen to the ovary of the pistil, the 
functions of the anther and stigma terminate ; iiccordingly these parts of the 
flower rapidly wither and decay after fertilisation. The filaments, the style, 
and the petals speedily participate in the decay, but the sepals remain some- 
times persistent in an altered form. The ovary and its contents alone pro- 
ceed in their further development, and undergo material changes, in which, 
however, the bracts and the calyx often psirticipate. 

The fully developed and matured ovule, the seed^ is, of course, regarded 
as the essential part of the fruit ; the enlarged ovary forms the pericarp^ 
enclosing the seed. The form of the pericarp determines the external 
appearance and the denomination of the fruit. As the structure of the fruit 
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and the arrangement of its parts depends in a great measure upon the num- 
ber and position of the carpellary leaves in the pistil, and the manner and 
extent of their union, and the extent to which their edges are folded inwards, 
we must here once more return to the consideration of that important 
organ. 

69. The carpellary leaves occupy the summit of the floral axis. The axis 
terminates either in one single carpel, in which case the ovary is one- 
celled, or unilocular; or the axis is surrounded by several carpels, 
in which case ihe manner of their union determines the number of cells in 
the ovary. 

The accompanying figures represent horizontal sections of different ovaries, 
composed respectively of one carpellary leaf, or of several leaves in conjunc- 
tion with the axis. 



113. 114. 115. lie. 117. 118. 


. Fig. 113, shows the horizontal section of a one-celled or unilocular ovary 
formed by one single carpellary leaf ; a marks the mid-rib of the leaf (the 
outer or dorsal suture)^ hj the margin of the folded leaf (the inner or ventral 
suture). 

In fig. 1 14, the edges of the carpellary leaf are reflected inwards into the 
loculament or cell, which gives rise to the formation of an imperfectly bilocular 
ovary. 

The unilocular ovary represented by fig. 115, is formed by the lateral 
union of five carpellary leaves standing round the axis. If the laterally 
united carpellary leaves arc folded inwards, and unite with the axis, they 
form ovaries with two, three, five, or more cells, according to the number 
of carpellary loaves present (figs. 116 and 117). An outward expansion of 
the axis may also lead to the formation of an ovary with several cells 
(fig. 118). 

Thus we sec the form of the fruit foreshadowed in the ovary. The peri- 
carp usually opens (in dehiscent fruit), when the seeds have arrived at 
maturity ; and this dehiscence again takes place mostly at the suture formed 
by the union of the edg(3S of the carpellary leaf. 

Fokmation of the Fruit. 

70. The carpels take the principal part in the formation of the fruit; 
they form the endocarp or core, and in many plants the whole of the peri- 
carp. The floral envelopes and the bracts often contribute, however, to the 
fonnalion ot the opicarp and mesocarp. Upon the nature of these several 
parts of the flower, and upon the modifications which they undergo during 
■the ripening of the seeds, depends therefore the nature of the fruit. We 
find that these parts sometimes remain foliaccous, or turn coriaceous, or 
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become hard, or fleshy, or pulpy, &c. The outer parts of a great number 
of fruits, consist of an accumulation of cellular tissue, containing starch, 
sugar, mucilage, oils, acids, &c., which are often of greater value for the use 
of man than the seeds themselves. 

The more important forms of fruit are the following : — 


a. Fruits which are the Produce of a Solitary Carpel. 

71. (1.) The gymnospermovs fruit, where the seed lies naked in the axils 
of the ligneous bracts, as in the cone of the fir and spruce tribe. 

(2.) The legume or pod^ which is formed of a solitary carpel bearing seeds 
on the ventral suture (fig. 113, 1)), It characterises the pea and bean tribe 
{Uguminosce). 

(3.) The follicle is a mature carpel containing several seeds, and opening 
by the ventral suture. There are usually several follicles aggregated 
together; ex,^ larkspur, monkshood, evergreen. 


h . Fruits which are the Produce of Several Carpels United. 

72. (4.) The Capsule consists of two or more carpels, either simply later- 
ally united (one-celled or unilocular capsule, sec fig. 115), or folded inwards 
towards the axi^, but without reaching it (spuriously multilocular capsule), 
or uniting with the axis (bilocular, trilocular, multilocular capsule, sec figs. 
116 and 117). Examples of capsular fruit — mignomiette, balsam, violet, poppy, 
&c. (5.) The Siliqua^ or long pod, is formed of two carpels, and longi- 

tudinally divided into two parts by a spurious dissepiment called the replum ; 
examples — cabbages, stock, wallflower, &c. The Silicula is a broad and short 
pod; examples — Ibcris, shepherd ’s-purse, &c. (C.) The Caiiopse {Cajpopsis, 
having the appearance of a nut), is a monospermous or one-sceded fruit, 
with an indehiscent membranous pericarp, closely investing the seed or 
incorporated with it ; examples — rye, wheat, and other grains. (7.) The 
Adumium is a dry, monospermous, indehiscent fiuit with one seed; exam- 
ples — cashew, ranunculus, strawberry, &c. (8.) The Nut or glans^ is a 

one -celled indehiscent fimit, with a liardened coriaceous or ligneous pericarp; 
examples — hazel-nut, acorn, &c. The Nucula, or little nut, is a cariopse, 
with a solid coriaceous pericarp ; examples — buckwheat, hemp, &c. (9.) 

The Berry [hacca), is a pulpy succulent fruit, with soft rind ; examples — 
the gooseberry and the currant. The Pepo or peponida, (pumpkin), illus- 
trated by the fruit of the gourd and melon ; and the Hesperidmm, illustrated 
by the fruit of the orange and lemon, are modifications of the herry, (10.) 
The Drupe (drupw, unripe olives) ; the mesocarp is generally pulpy and 
succulent, the endocarp hard ; examples — the cherry, the peach, the plum, 
&0» (11*) llhi [pOTlflWllil, or apple); the outer parts of the peri- 

carp form a thick cellular eatable mass ; the endocarp (core) is scaly or 
horny, and encloses the seeds within separate cells ; examples — the apple, 
pear, &c. 

Fruits consisting of the floral envelopes and the ovaries of several flowers 
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united into one, are termed multiple or anthocarpous; the Soroais (cluster- 
fruit : example — the pine-apple, the bread-fruit, the mulberry), the Sycosis 
(fig-fruit), and the Strobilus (fir-cone), form varieties of the anthoca/rpous 
or multiple fruit. 

The Seed. 

73. In the same way as buds spring from the stem in the axils of leaves, 
and produce branches, so there are formed in other parts of the more per- 
fectly developed plant, buds of a somewhat different nature, which, when 
arrived at full maturity, form the seed, and arc on that account sometimes 
called seed-buds^ but more commonly, ovules. 

The ovule is always found at the end of an axis, and with its maturation 
the growth of that part of the plant terminates. 

The seed-bud appcjirs first as a small white cellular projection, which 
enlarges and assumes an ovoid form ; a comparatively large cell in the inte- 
rior forms a cavity called the embryo-sac (fig. 119 c). 

The ovule is unable by itself to form the seed ; its transformation into 
the latter can be effected only by the fecundating action of the pollen-grains 
upon it. Numbers of ovules perish undeveloped. 

74. In many plants, as in the Coniferm^ for instance, the position of the 
ovule is very analogous to that of the common bud. It sits naked on the 
face of the scales of the conesarising from the axil of the membranous 
bracts. At a later period, we find the natural seeds naked at the base of 
the scales, as may be most distinctly seen in the large edible seeds of the 
Pinus pinife/i'a^ or Siberian stone-pine. 

But in most plants, the ovule is produced in a certain foliaceous organ of 
peculiar structure, and which has been described already in § 60, under the 
name of pistil. This organ consists, as we Have seen, essentially of two 
parts, viz., the germcn or ovary ^ in the cavity of which one or several ovules 
are developed, and the stigma^ which secretes a viscid fluid to detain the 
pollen. The pollen grains scattered over the stigma are conveyed to the 
ovules in the ovary either directly (in cases where the stigma is sessile), or 
through the conducting tissue of the style, an organ usually of cylindrical 
form, and which, as we have seen, is often interposed between the stigma 
and the ovary. 

75. The nucleus of the ovule (fig. 1 19 b), remains naked in some plants ; 



119 . 


a Base of the ovule (Hilum). 
h Nucleus of the ovule, 
c Embiyo-sac. 

d The inner integument (sceuiidine). 
e The outer ditto (primine.) 


f The foramen. 


but in most plants a covering or integument forms around it, enclosing 
every part, with the exception of the apex, where an opening is left, the 
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foramen (f). In many plants a sec6nd integument is subsequently formed ; 
according to Sckleiden^ the inner^ according to Mirbelj the ouJter integu- 
ment is the first formed. The term primine 
is applied to the outer {e); secundine, to the 
inner integument (c^), altogether irrespec- 
tive of their order of development. 

Fig. 119, represents a vertical section of 
a straight or erect (orthotropal) ovule pro- 
perly magnified. In this ovule, the fora- 
men at the apex is exactly opposite the 
hilum or base. Curvatures of the ovule 
in the course of its growth give rise to the 
so-called inverted or anatropaly half invert- 
ed or semi-anatropalj and curved or cam- 
pylotropal [camptotropal) ovules. Some bo- 
tanists ascribe the inversion of the anatropal 
and semi-anatropal ovule, to an elongated 
funiculus, folded along the side of the ovule, 
and completely or partially adhering to it. 

In the curved ovule, the foramen approaches 
the hilum, and ultimately is placed close to 
it; in the anatropal ovule, the foramen is 
placed in close oppositioii to the hilum. 

76. After a pollen-grain has lain for 
some time on the stigma, it is observed to 
swell and to project from the lower end a 
tubular prolongation called a poUen-tuhe, 

This tube proceeds through the stigma, and, 
where a style is present, also through the 
latter, down to the ovary, and passing 
through the foramen, enters the embryo-sac 
of an ovule. With this the impregnation 
is achieved, and there commences imme- 
diately at the part where the pollen-tube has entered, the formation of the 
embryo in the shape of a cellular body, or germinal vesicle, in the interior of 
which other cells are subsequently formed in a definite order of succession ; 
this cellular mass shows after a time a separation of parts, so that the 
ascending and descending axis (the gcmmule anil radicle or rootlet), and 
the cotyledons or rudimentary leaflets, of the young plant can be distinctly 
seen. 

Fig. 120 shows a vertical section of a pistil highly magnified; the grains 
of pollen, d, attached to the surface of the stigma, c, are seen to project in 
the form of tubes, through the style, 6 , down into the cavity of the 
ovary, a, and to penetrate the numerous ovules there. 

77. With the development of the embryo, the cells surrounding it become 
filled with a deposit of solid matter, called albumen, and which encloses the 
embryo in some plants completely, in others only partially. The albumen 
ceUs contain usually albumen, starch, or oil, sugar, and other matters, which, 
irrespective of the various uses which we msie of them, supply nutriment 
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to the young plant. Ilowever, there are also many plants in which the seeds 
have no such covering of albumen, but consist of the embryo and integu- 
ments alone, for which reason the term exalbuminous is generally applied to 
them. The integuments of the ovule may be traced again, though in a 
vastly altered form, in the ripe seed. The several parts of the embryo may 
be easily traced in the bean, for instance : we sec there the placental attach- 
ment of the original ovule ; and a transverse section shows the embryo or 
germ, surrounded by the albumen, and provided with its radicle or rootlet, 
and its gemmule or plumule^ and cotyledms or rudimentary leaflets. 

The embryo differs from the ordinary bud principally in this — that it 
constitutes a perfectly independent, though very minute, axis, provided with 
a root, and accordingly with the means of drawing its nutriment directly 
from the soil when put into the ground ; whereas, the nutriment of the leaf- 
bud is always supplied by the intervention of other, parts of the plant, until 
it has acquired sufficient vigor to send forth roots of its own when severed 
from the parent stem, and implanted into the soil. 

The germination and further development and growth of the embryo, 
leads to the production of a new plant every way similar to the parent from 
which it has sprung ; and thus the plant, though individually a perishable 
thing, still bears in itself the conditions of eternal existence. 


II. VE(iETA15LE PHYSIOLOGY. 

(GENERAL OBSERVATIONS ON VEGETABL^i; ANT) ANIMAL LIFE, AND ON THE 
VITAL PKOOESSES, FUNCTIONS, ANT) PHENOMENA IN 
PLANTS AND ANIMALS). 

78. By the term vegetable or animal iife^ we comprehend and designate 
the sum total of the action of all the organs of the animal or plant, and tlwi 
processes and phenomena resulting therefrom. 

The ultimate cause of this action, and of these processes and phenomena, 
is referred to a certain hypothetical force, which is designated as the vital 
power. But whether this force actually exists, or is Jp be looked 

upon simply as the resultant of all the known forces of nature, acting 
under peculiar circumstances, and limiting and modifying each other, remains 
as yet a mystery. 

There can be no doubt but that the physical and chemical forces, such as 
attraction, and more especially chemical affinity, play a most important part 
in the phenomena of life. The elucidation of the phenomena has been most 
materially jidvanced hitherto, by endeavouring to explain them as far as 
possible by the operation of the known forces and agencies of nature, attri- 
buting as little as can be to the intervention of an assumed vital power. In 
fact, it is by this means alone that we may hope ultimately to ascertain whe- 
ther an independent force of this kind exists in reality, and, if so, to investi- 
gate and determine its laws. The term vital power should therefore be un- 
derstood here simply as implying an assumed cause of certain processes and 
phenomena which, in the present state of our knowlcdgCj are nol refenible 
to the ordinary physical and chemical laws. 
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79. To this vital power must be referred more particularly the organa- 
genetic and organoplastic faculty inherent in plants and animals. We may, 
indeed, combine all the constituent chemical elements of organic structures 
in due proportions of weight and measure, but, with all our knowledge and 
skill, and even though we should bring to bear upon the task all the known 
applications of all the known forces, we cannot even produce that simplest 
of organic structures, the celL 

80. The first and simplest manifestation of the vital power is the forma- 
tion of the vegetable and animal cell, which constitutes ftie groundwork of all 
vegetable and animal tissues ; and its expansion or growth in all directions, 
by the absorption and assimilation of certain new elements derived from 
without, and to which the name nutritive matters or food is given. 

However, the growth of the organs produced by the vital power is limited 
both in space and time ; regulated and restricted by laws and necessities 
concealed from human ken, the vital power produces indeed an infinite 
variety of individuals, but all of them are limited in form and extent. 

When an individual (plant or animal), has once reached the full measure 
of growth assigned to it by nature, there is no further development possible 
for it, even under the most favorable circumstances. The action of the 
vital power may be considered to proceed with progressively increasing 
vigor up to a certain point of culmination ; that point once reached, the 
energy of its manifestatigins decreases progressively in a similar ratio, until it 
drops to zero. The point at which the manilestations of the vital power 
cease, we designate as the death of the plant or animal. 

From the moment of its death, thft once 1‘ving form becomes subject to 
the general laws of nature, and more especially to the force of chemical 
affinity, which destroys the organic structure, and decomposes it Ato a num- 
ber of chemical compounds (Chemistry, § 158). • 

81. .The vital power is limited also in the variety oi its productions on 
earth. # As far as our experience goes, it produces always the same forms 
over again, out of the same materials, after the same laws. 

The number of individuals also, though truly enormous, is limited, being 
necessarily ^nendent upon the supply of food. 

The indi^Wal bulk of any of the productions of the vital power is im- 
measurably srahll compared to the mass of the earth ; yet the total aggre- 
gate of them covers the far greater portion of th(5 earth’s surface. 

The duration of life in plants and animals presents infinite gradations. In 
some it lasts only a brief period of a few hours, or even less; others live the 
space of a few days, weeks, or months ; in others, the term of life is length- 
ened to years ; in some to centuries ; and a few live to an age of several 
thousand years. 

82. The vital power possesses simply the formative^ not the creative faculty ; 
in other terms, it cannot create even the minutest particle of the simplest 
organic structure, but must draw from without all the chemical elements 
out of which it forms the vegetable or animal organism. 

83. In its faculty of appropriating new elements from without to the 
growth and development of its structures, the vital power resembles the force 
of chemical affinity, as exhibited in the formation of crystals (Physics, § 19 ; 
Chemistry, § 29.) 
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The laws governing the growth of organic beings are, however, essentially 
different from those which regulate the increase of inorganic bodies. Thus, 
as we have seen in Mineralogy, § 5, crystals present forms bounded by planes, 
rectilinear edges, and angles, whereas the spherical is the ground-form 
in plants and animals. We have to observe here that the angular or poly- 
hedral forms of the vegetable cell arise simply from pressure suffered during 
the process of development (§ 9). 

Moreover, crystalsincrcase by the accumulation of fresh particles on the out- 
side, which particles remain altogether unaltered in other respects; whereas, 
the plant and the animal elaborate in the interior of their organs the food 
drawn from without, and alter that food both in form and in chemical com- 
position. In terms more briefly expressed, minerals are said to increase from 
without, plants and animals to groio from within. 

The crystal is only limited in form, not in extent ; and it might increase 
ad infinitum, if the requisite materials and conditions were given. 

The living body is exposed to the operation of an infinite variety of ex- 
ternal influences, which may more or less seriously alter or disturb the nor- 
mal functions of the organs. Those perturbations are marked by changes in 
the ordinary phenomena of life. The abnormal condition indicated by such 
changes is called disease. If the perturbations of the organic functions are 
of considerable extent or intensity, or of long duration, death is the general 
result. 

The Vital Functions, &c. of Plants. 

84. We have in the preceding observations, briefly touched upon the most 
general and prominent laws and principles concerning the life of the animal 
and the plhnt ; and in reference to the life and functions of the latter, we 
have already, in the sections devoted to the Organographic part, incidentally 
given such information as may be deemed sufficient for the scope of an ele- 
mentary work like the present. 

There are, however, a few points which demand more ample considera- 
tion ; and among these, the nutrition of plants occupies the principal place, 
on account of its great^i|p)ortance in the cultivation of pl^Jg, and more 
especially of the grasses ^d cereals. ^ 

Nutrition op Plants. 

85. To arrive at correct notions on this subject, we have to examine and 
study on the one hand, the organs of the plant and their functions, and on 
the other, the food which they derive firom without, and the changes which 
this food undergoes in the vegetable organism. 

The first inquiry which suggests itself here, is, what is the nutriment of 
plants ? 

To answer this inquiry, we must ascertain what are the chemical elements 
that constitute the body of the plant. For, since, as we have seen in § 82, 

the plant cannot crate even the minutest particle of its own substance, it is 

obvious that its constituent particles must all be derived from without. 

Now, we have seen in § 7 that the great bulk of the plant is composed 
of cellular tissue and vascular tissue, or so-called woody fibre ; and that the 
cells contain partly solid matter, such as starch, chlorophyUe, resins, salts, 
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and partly a watery juice or sap, wbicH holds in solution sugar, gum, muci- 
lage, acids combined with metallic oxides, albumin, &c. ; to which are to be 
added, in many plants, volatile and fixed oils. 

Daily experience teaches us also that the great bulk of the plant is, upon 
combustion, converted into gaseous compounds, which pass into the air, leaving 
behind only a most inconsiderable residue, which contains the non-volatile 
metallic oxides and salts, and which is called the ash of thg plant. 

Now, are we to infer from this that starch, woody fibre, oil, albumin, &c., 
constitute the nutriment of plants ? 

Were this the case, the soil, the water, and the atmosphere, in which the 
plant has its existence, must contain these substances, so that the plant need 
merely assimilate them, and convey them to the part whore they arc 
required. 

But such is not the case. We nowhere meet with starch, woody fibre, 
sugar, albumin, &c., except in the plant itself ; which clearly proves that the 
plant must possess the faculty of forming these substances out of the chemi- 
cal elements. 

Hence it follows, that the chemical elements which we find combined in the . 
organic structures that compose the vegetable hodg^ constitute the nutriment of the 
planU 

86. In the chemical part (§ 116), we have seen that the chemical ele- 
ments which combine to form organic compounds are, CarhoUy Hydrogen^ 
Oxygen^ Nitrogen^ Sulphur^ and rhosphorua. Some of the organic com- 
pounds contain two of these elements ; others three, others four, and a few 
five, or even the whole six of them. Thus, — 

The volatile oils arc formed of . . . Carbon and Hydrogen. 

The vegetable acids, 'vvoody fibre, starch,) 

gum, mucilage, sugar, fats, resinsi colorings Carbon^ Hydrogen^ and Oxygen. 

matter, .) 

The organic bases, . . . . . Carbon., Hydrogen, Oxygen, and Nitrogen. 

. J Carbon, Hydrogen, Oxygen, Niti'ogen, and 

\ Sulphur. 

Albumin aadfibrine ^ 

All these organic substances arc completely consumed by the action of 
fire, on which account they are termed ^so the combustible constituents of 
plants, in contradistinction to the incombustible parts which remain as ashes 
upon the combustion of the plants. 

The examination of the ashes of plants reveals the presence in them of the 
following substances : — 


Acids. Metallic Oxides. 

Carbonic acid. Potassa. 

Silicic add (Silica). Soda. 

Phosphoric add, ' Lime. 

Stdphuric add Magnesia. 

Nitric add. Alnmina. 

Sesquioxide of iron. 
Sesquioxide of manganese. 


To which are to be added Cldoride of Sodium^ Chloride of Potassium, and 
in marine plants, Iodide of Sodium (an invariable constituent of maiiue 
plants), and Iodide of Magnesium. 
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The acids and metallic oxides in Ualica are found in every vegetable ash, 
and are therefore to be regarded as essential constituents of plants ; whilst 
those in common type are found only in certain species, or are present in 
such minute quantities only that they cannot be looked upon as indispensable 
to the existence of the plant. 

The mineral constituents do not form any distinct organic tissue or struc- 
ture in the plantj but arc either held in solution by the sap, or are lodged 
in a solid form (as crystals) within the cells (§ 10). Thus, for example, the 
cells on the margin of the leaves of many grasses contain so great a number 
of minute hard silica crystals, that the edges of the leaves cut like a knife. 

The Equiseta, or shave-grass plants, contain large quantities of this earth, 
which has led to their use for polishing wood. 

Carbonates of metallic oxides are not found in the living plant ; but car- 
bonic acid is a product of the decomposition of the organic acids (oxalic 
acid, tartaric acid, &c.), ensuing upon the combustion of the plant. Tlie 
same applies also to a portion of the sulphuric acid and phosphoric acid. 

87. Each individual plant represents accordingly a kind of magazine or 

store, containing a variety of elementary matter in unequal relative propor- 
tions. W c have seen that not one of these elementary matters can be created 
by the plant, and that they consequently must all of them be derived from 
without. Therefore, if a plant does not find within its reach the requisite 
materials for the formation of its component parts, it perishes, or at all events, 
its development is checked to a greater or less extent. , 

Plants do not all corUain the same constituents, in the same relative propor- 
tions ; however^ all plants belonging to one and the some genus or species, 
require the presence of the same constituents in certain proportions. 

Nature provides everywhere the means requisite for the growth and de- 
velopment of pljints, but in very difierent quantities. The steep rock, the 
morass, the shifting sand, the deep sea, the ploughed field, the rubbish heap, 
and the trim garden — they all feed plants, and are covered with them ; but 
the plants are not the same in their several parts — they differ as greatly as 
the different places whereon they respectively grow. 

Now, the object of agriculture is, to provide those external conditions re- 
quisite to enable a certain class of plants, which are of especial use to man- 
kind, to derive from the soil in wdiich they grow a sufficient quantity of the 
elements necessary for their growth and development. 

It is impossible to arrive at a clear notion respecting these external condi- 
tions of vegetable life, if we do not most accurately know the constituent ele- 
ments of the plant, and the ways and channels through which these consti- 
tuent elements are admitted into the vegetable organism. 

We shall, therefore, in the following paragraphs, treat, first of the absorp- 
tion (assimilation) of the combustible constituents, and afterwards of that of 
the mineral constituents of plants. 

Absorption op the Combustible Constituents of Plants. 

88. We shall confine ourselves here to the following five elements, leaving 
the sixth, phosphorus, out of consideration : — 

1. Carbon. 2. Hydrogen. 3. Oxygen. 4. Nitrogen. 6. Sulphur. 
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1. Absorption op the Carbon. 

We have seen in § 11, that the cell can only absorb matter in a state 
of solution. Accordingly, carbon, being in its elementary form totally in- 
soluble in water, cannot be absorbed in that form. The whole of the carbon 
found in a plant has entered the vegetable organism in the form of a com- 
pound soluble in water, viz., carbonic acid^ which, as we have seen in the 
chemical part (§ 53), is composed of carbon and oxygen. 

Carbonic acid plays a most important part in the nutrition of plants. 

Now, here arise the following questions : — Whence do plants derive their 
carbonic acid? how do they absorb it? and in what manner is the carbonic 
acid made use of in the plant ? 

The answer to the first question would seem easy enough. We have seen 
in the chemical part (§ 165), that the soil contains a quantity of vegetable 
and animal matters in a state of decomposition, and which are designated as 
humus. The principal product of the decomposition of this humus is car- 
bonic acid, a substance highly soluble in w\atcr, and which may, therefore, 
be readily taken up along with the water absorbed by the roots. This ex- 
planation would appear the more probable, as we usually observe in parts 
blessed with a luxuriant vegetation, that the soil is covered with a thick 
layer of humus, or looks quite black from the presence of that material. It 
is upon these grounds that humus has been looked upon as the principal 
source from whicli plants derive their nutriment. 

However, upon a closer inspection and consideration of the matter, we 
find that this view is erroneous, and that the humus is not the source^ but 
the product of the vegetation. 

The history of the earth’s formation (see Mineralogy, § 115), teaches us 
that the whole mass of our globe was originally in a state of igneous fusion, 
and that the earth’s crust has been consolidated by cooling. Now it is self- 
evident tliat this consolidated crust could not possibly contain a layer of 
humus. Whence, then, did the first vegetation derive its nutriment ? Nay, 
even to the present day we see that a bare rock raised up from the sea by 
volcanic action, gets speedily covered with vegetation; that a luxuriant crop 
of plants springs on disintegrated lava ; that on a sandy soil, containing a 
most minute quantity of organic matters, woods and meadows may be planted 
with the best results — finally, that cactus and house-leek will grow on the 
bare rock, or on walls and roofs, where there is not a particle of humus to 
be found ; and that we may grow forget-me-not, cresses, and hyacinths, in 
pure w'ater- 

The Mowing facts are still more striking:— We see that plantations of 

every kind, cultivated on a soil deficient in humus, continually increase the 
quantity of the latter, instead of diminishing it. From the sugar and coffee 
plantations, and from the banana fields, there are many millions of pounds of 
carbon carried off annually in the products of the harvest, and no attempt is 
ever made to replace this carbon (by manure, for instance) ; and yet the 
quantity of humus in the soil increases, instead of diminishing. In the hay 
yielded by an acre of fertile meadow, 2,000 pounds of carbon are carried ofi ; 
and yet, though the same amount of carbon is abstracted year after year, the 
necessity does not make itself felt to replace this carbon by artificial supplies. 
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These facts clearly show that the humus cannot possibly be the source of 
the carbonic acid, which serves to feed the plants. It is the atmosphere that 
we have to look upon as the great store from which plants derive this, their 
principal nutriment. True, the atmosphere contains in 5,000 volumes only 
two volumes of carbonic acid ; but, notwithstanding this small relative pro- 
portion, the prodigious extent of the atmosphere makes the average total 
amount of the carbonic acid in it, as much as 8,440 billions of pounds — a 
store more than amply sufficient to maintain a vegetation covering the whole 
surface of the earth. 

The carbonic acid may be absorbed directly from the air through the 
stomata of the leaves. That this is actually done, has been clearljj' estab- 
lished by experiments. Air containing carbonic acid was transmitted 
through a balloon in which green leaves or branches were placed; the result 
proved a total withdrawal of the carbonic acid. Still the chief bulk of the 
carbonic acid required by the plant, is taken up in combination with water, 
by the roots. 

The constant and continued drain upon the carbonic acid of the atmos- 
phere must, of course, tend to reduce the relative amount of that gas present 
in the air. But if we consider, that, by the respiration of animals, by the 
processes of combustion and putrefaction, and finally by volcanic eruptions, 
large quantities of carbonic acid are continually restored to the atmosphere, 
we can readily UT\derstand that the amount of that gas present in it should 
remain quite stationary, at least as far as we can judge of the liict. 

89. Regarding the manner in which the carbonic acid is made use of in 
the plant, the general opinion is, that the acid undergoes decomposition, 
the cjirbon being appropriated by the plant, whilst the oxygen is eliminated 
through the leaves. 

There can be no doubt but that the leaves and the other green i)arts of 
the plant provided with stomaia, do exhale oxygen as long as they are ex- 
posed to the influence of the solar rays. Still it is not impossible that the car- 
bonic acid may be appropriated unaltered. In that case, the oxygen given 
off by the leaves would have to be regarded as proceeding from the decom- 
position of a portion of the water absorbed by the plant — the hydrogen being 
assimilated, the oxygen eliminated. 

90. Though, as has been demonstrated above, the humus of the soil is the 
product^ and not the source of vegetation, still, on the other hand, there can 
be no doubt but that the presence of hurnus in a soil exercises a most 
lavorable influence upon the vegetation growing on that soil. It is this 
undoubted fact that led to the notion so long e/itertained, and so pertina- 
ciously defended, viz., that the humus is the principal source of vegetable 
nutrition. However, as has already been intimated, this notion is sufficiently 
refuted now, by the equally well-established fact, that splendid harvests are 
occasionally reaped in soils very poor indeed in humus, whilst, on the other 
hand, we find that fens and bogs, which consist almost entirely of humus, 
yield a very poor vegetation. 

Humus is just as insoluble in water as carbon is; to understand its favor- 
able influence upon the growth of plants, we must, therefore, bear in mind 
that it consists of organic remains in a state of decomposition, and that among 
the products of that decomposition there are some which are soluble in water. 
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?^itlier alone, or in combination with ammonia (humic acid, ulmic acid); and, 
|faoreover, that the ultimate product of the decomposition of all organic sub- 
^’stances, and accordingly also of humus, is carbonic acid. A soil abounding 
in humus, will, therefore, always contain a large amount of carbonic acid ; 
and the water penetrating the soil will thus become saturated with that acid, 
and convey it subsequently to the plants. 

But humus, has, besides, some other properties which greatly increase its 
fertilising power. It possesses in a higher degree than any of the other usual 
constituents of the soil, with the exception of clay alone, the property ol 
attracting and absorbing water from the atmosphere. Tlie black color which 
it gives to the soil, lays the latter much more open to the influence of the 
caloric rays of the sun, than is the case with the lighter-colored soils (see 
Physics, § 145). 

It imparts also the proper degree of looseness to the soil, to make it acces- 
sible to the contact and inlluencc of the atmospheric oxygen. Besides, the 
decomposition everywhere in progress in soil abounding in humus is attended 
with a disengagement of heat, highly favorable to the growth of plants, as 
we see so clearly evidenced in hotbeds. 

The relative amount of humus present in a soil may, to a certain extent, 
be guessed from the black color of the latter ; however, a more accurate re- 
sult is arrived at by igniting a portion of the soil, dried previously at 212®; 
by this means, the combustible humus is destroyed, the products of its com- 
bustion being dissipated in the aL*, and the mineral constituents of the soil 
are left behind. 

91. During the night, and in darkness (in cellars, for instance), there is 
no absorption and no elimination of oxygen through the leaves. The exclu- 
sion of light exercises a modifying action upon the whole of the vital func- 
tions and processes of the plant. The plant may indeed form new parts in 
the dark, but the requisite materials ai'o, in that case, taken out of its own 
substance, and are not derived from without, as may be clearly shown in the 
potatoes which put forth shoots in the dark. Many of the secretions of 
plants, as chlorophylle, the bitter milky juice of the Cichoraceoiy the acrid oil of 
the Orucifercc, are formed only under the influence of light. Plants growing 
in the dark are colorless ; tin? inner leaves of the lettuce, the endive, the 
white cabbage, are white, and in the two former, they have no bitter, in the 
latter no pungent taste. On the other hand, some other matters are formed 
in certain plants, or in certain parts of j)lants, removed from the influence of 
light ; e.^., sugar in the white cabbage, solaninc in the germ of the potato. . 

If we put a plant under a glass bell during night time, the air in the bell 
is found to contain in the morning an increased amount of carbonic acid. 
This is most probably occasioned by the oxidising action which the oxygen 
of the air surrounding the plant exercises upon the surface of the latter, 
giving thus rise to the formation of a certain amount of carbonic acid, greatly 
diflering in different plants, but most considerable in such as contain readily 
oxidisablc volatile oil in their glands. 

2. Absorption of the Hydrogen and Oxygen. 

92. In most parts of the plant which contain hydrogen and oxygen, we 
find the relative proportions of these two bodies to stand as one to eight. 
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which is the same proportion in which we find them combmed in water 
(Lhem. § 28). 

We take it therefore for granted that these two elements are taken up in 
the form of water, the absorption being effected almost exclusively through 
the roots : however, many vegetable substances, and more particularly the 
volatile oils and the resins, contain no oxygen by the side of the hydrogen, or 
contain the former element in a less proportion than it is present in in water; 
which fact evidently shows that the plant must possess the property of de- 
composing also a portion of the water absorbed by it, assimilating the hydro- 
gen, and eliminating the oxygen. 

The presence of water is accordingly absolutely indispensable for the de- 
velopment of the plant. However, the latter absorbs a much larger quan- 
tity of that substance than is required for its nutrition and development. 
The excess of water absorbed is thrown off again by evaporation through 
the leaves. 

The leaves possess also the property of absorbing aqueous vapor ; were 
this not the case, the dew could not have the beneficial influence on vege- 
tation which it certainly exercises. 

We shall have occasion to recur to this part of the subject, in the chapter 
on the absorption of the mineral constituents of the plant. 

3. Absorption op the Nitrogen, 

93. The quantity of the nitrogen contained in plants is small compared to 
that of the other constituents. The nitrogen is found principally in the sap 
of the cells, more particularly of the youngest parts and shoots, and in the 
seeds. In 2,500 pounds of hay arc contained 984 pounds of carbon, to only 
32 pounds of nitrogen. 

Though the leaves of the plant are constantly surrounded by the nitrogen, 
which constitutes four-fifths of the atmosphere, yet they do not absorb a 
particle of it. 

All the nitrogen which a plant contains has been absorbed by it in the 
form of ammonia, a chemical compound consisting of nitrogen and hydrogen 
(Chemistry, § 78). This substance, which Ls characterised by its penetrating 
odor, is highly soluble in water, and is accordingly taken up by the water 
along with the latter body. 

The atmosphere which, as we have seen, is the source of the carbon, is 
also that of the nitrogen contained in the vegetable and animal body. In a 
purely mineral soil, nitrogenous minerals are a rarity, to be met with only 
in certain localities, as in the nitrate of soda, for instance, found in Chili. 

The atmosphere, on the contrary, contains everywhere a certain amount 
of ammonia, which, though inappreciable in weight, and so small indeed 
that it cannot be detected in the air by the smell, is still clearly traceable in 
rain water, and in the water of brooks. The arable soil, more particularly 
if abounding in clay and in humus, eagerly absorbs the ammoniacal gas ; and 
thus this nitrogenous body is diffused everywhere, and conveyed within 
reach of the roots of the plants. 

An extensive and luxuriant vegetation, and the animal kingdom subsisting 
on it, would unquestionably in the course of time exhaust the ammonia of 
the atmosphere ; but as the decay of organic substances serves to restore the 



ABSOKPnON OP THE MINEBAL CONSTITUENTS OP PLANTS. 


435 


carbon to the atmosphere, in the form of carbonic acid, so ammonia i i a con- 
stant product of the decay and decomposition, more particularly of animal 
substances (manure), for the simple reason that these substances contain a 
iarge proportion of nitrogen. An additional supply of ammonia is furnished 
to the atmosphere by the volcanos, which evolve that gas in considerable 
quantities. 

Nitrogen being one of the essential constituents of the vegetable organism, 
we can readily understand the favourable action and influence exercised 
upon vegetation by matters which either contain ammonia ready formed, such 
as putrefying manures, ammoniacal salts, &c., or which, put into the soil, 
gradually suffer decomposition, attended with the generation of ammonia — 
as is the case, for instance, with animal offals of every kind, such as the rasp- 
ings and cuttings of horn, ground bones, &c. 

4. Absorption of the Sulphur. 

94. The amount of the sulphur contained in plants is still less considerable 
than that of the nitrogen. It forms, however, an essential constituent of 
vegetable albumen, caseine, and fibrin, which bodies contain from ^to 2 per 
cent of sulphur (see Chemistry § 150). 

The whole of the sulphur met with in a plant has been taken up by the 
roots, in the form of sulphuric acid^ which latter substance we have accord- 
ingly to regard as one, of the elements of plants. Sulphuric acid is found in 
small quantities in almost every soil, chiefly in combination with lime, in the 
form of gypsum. This salt (gypsum) being slightly soluble in water, a portion 
of it is taken up by the roots along with that fluid. Besides, all manures 
contain sulphate of ammonia^ a salt which, on account of the nitrogen and 
sulphur contained in it, is highly conducive to the proper growth and devel- 
opment of those parts of the plant that number these elements among their 
essential constituents. 

Absorption of the Mineral Constituents of Plants. 

95. The mineral constituents of plants are combinations of silicic acid, 
phosphoric acid, and sulphuric acid, with potassa, soda, lime, and magnesia ;• 
and, beside these, chloride of potassium and chloride of sodium. Alumina, 
sesquioxide of iron, sesquioxide of manganese, nitric acid, and iodine, are 
more rarely met with in plants. 

The sum total of these incombustible matters constitutes but a very small 
proportion of the weight of the plant. 100 lbs. of the following vegetable 
substances are found to yield the annexed quantities of ash : — fir-wood, ^ 
lb. ; oak wood, 2}^ lbs. ; wheat-straw, 4i lbs ; limetree-wood, 5 lbs. ; potato- 
haulm, 15 lbs. 

The quantity of mineral matter varies in different species, and in different 
parts of the same plant. The leaves, the seeds, and the bark usually con- 
tain a far larger quantity of mineral constituents than the stem and roots. 
100 lbs. of fir-leaves are found to give 8 lbs., and the same quantity of oak- 
bark and oak-leaves, from 8 to 9 lbs. of ash. 

But it is not the quantity of the ash alone which varies in different species 
of plants, but also its composition, as the following table shows 

u 
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There are contained in — 


100 part.s of ashes of ; — 

1. . fStraw, 

2. tGrain, 

4 . iorain, 

Pe;i Straw, 

Fotassor and 
Soda-Salts. 

Lime and 
MagncsiorSalte. 

Silicic Acid. 

22*00 

47*00 

20*00 

20*00 

27*82 

39*20 

4*20 

85*81 

8.S-00 

.81*60 

7*00 

44*50 

20*20 

32*5 

63*74 

56*00 

59*40 

14*19 

12*00 

18*40 

61*00 

0*5 

57*0 

35*5 
. 7*81 

4*90 

36*40 

6. Clover, 

7. . (Hiiiilin, 

o rotato -S,,, , ’ 

8. qi libers, 

0. Beetroot, 

10. Turnips, 

... 



The preceding tabic clearly shows that the composition of the ash varies 
in different species of plants, and even in different parts of the same pl^t ; 
thus, whilst the ash of pea-strmv is found to contain 63 per cent of lime 
salts, that of wheat- straw is seen to contain 7 per cent of them, and that of 
v)heat-grain, again, 44 per cent. 

These facts lead to the conclusion, that every plant requires for its growth 
and development certain mineral substances in certain proportions. 

All these mineral substances are derived in a state of solution from the 
soil, and are accordingly taken up exclusively by the roots. 

If the soil is without them, or contains them only in insufficient quantity, 
those parts of the plant which require their presence will not form, or will, 
at all events, be only imperfectly developed. 

Careful experiments have fully confirmed this fact : — 

In pure quartz sand the pea, for instance, will germinate and grow, but 
it will form no seeds ; whereas, if we add to the quartz sand salts of lime 
and potassa, the pea planted in this mixed soil will produce a perfect plant, 
'seeds and all. 

96. Whilst carbonic acid, W’^atcr, and ammonia, which supply the carbon, 
hydrogen, oxygen, and nitrogen of the plant, arc found diffused everywhere 
in sufficient quantity, the inorganic constituents of plants are most unequally 
distributed. 

We have seen in mineralogy that the inorganic part of the soil consists simply 
of disintegrated rock ; upon the nature of the latter depends accordingly the 
kind of mineral constituents present in a soil. If, for instance, the soil is 
the product of the disintegration of pure limestone, it will only contain lime; 
if pure quartz, it will only contain silica. Neither of these will afford to 
vegetation the necessary alkalies. The mixed rocks, on the contrary, and 
more especially granite, basalt, porphyry, clay-slate, greywacke, lava, con- 
tain all the metallic oxides found in the ashes of plants, and furnish, accord- 
ingly, the most fertile soils. (Comp. Mineralogy, § 84-104.) 

97. In .the seeds or grains of the cereals, and in most other seeds, we find 
the lime and magnesia invariably combined with phosphoric acid. One 
hundred pounds of the ashes of wheat grain yield 45 pounds ; 100 pounds 
of the ashes of the yellow boiling pea, 34 pounds of phosphoric acid. Native 
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phosphate of lime (apatite) is rather rare in the mineral kingdom (Mineralogy, 
§ 36). The phosphate of lime found in the seeds has been taken up in solu- 
tion by the roots in the same way as the other inorganic constituents of the 
plants. The seeds of the cereals and grasses supply man and the animals 
with the phosphate of lime required for the formation and nutritiAi of the 
osseous frame (Chemistry, § 51). 

98. In many species of plants, one of the inorganic constituents is present 
in a much larger proportion than any of the other, '^riiiis silicic acid predo- 
minates in wheat, lime in peas, potassa in edible roots and tubers (see § 95). 

This has led to a division of plants into silica plants^ linie plants^ and 
potassa plants. 

To the potassa plants belong wormwood, orach, beetroot, turnips, maize. 

To the lime pla'nts.^ lichens, cactus, clover, beans, pease, tobacco. 

To the sUica plants^ wheat, barley, rye, oats, and the cereals and grasses 
in general; also heath, broom, buckwheat, acacia. 

In most plants, the seeds or grains belong to one, the stem to another of 
these categories ; such plants are generally adapted for a wide dissemination. 

99. Now that wo know the importanccj of the mineral constituents in the 
economy of plants, we can account also for the isolated or exclusive occur- 
rence of certain plants in certain localities. Thus, for instance, w’e find the 
wild celery, and the so-called halophytcs^^ov salt -plants, as salsola, salicomia, 
&c., only near the sea shore, or near saline springs, because these plants 
require a considerable quantity of soda, which they could not meet with 
in other localities. Borage and the thorn-a'pple^ again, grow exclusively 
in the vicinity of inhabited places, as they roquii-e a certain supply of salt- 
petre, which is derivable only from the decomposition of animal substances 
(excrementitious matters, &c.) (see Chemistry, § 09). 

So we observe, also, in many loctdities, a total absence of certain plants, 
which yet we find growing in profusion close by, but on a different soil. 

Ill the argillaceous soils of the banks of the Wey and 'riiames, the purple 
heath and yellow broom are looked for in vain, while at the distance of a 
few miles, on St. George’s Hill, Esher and Hartford Heaths, the ground is 
completely covered witli these plants. 

The presence or absence of such characteristic plants afford the surest in- 
dication of the nature of the soil, and often enables us to dispense witli a 
chemical analysis of it. 

100. The water in the soil serves not only to convey to the plant the car- 
bonic acid and the ammonia, but also to dissolve the mineral constituents, 
and thus to fit them for absorption by the roots of the plants. 

Without the water to dissolve these fertilising agents, and fit them for 
absorption, they would prove but a barren treasure. 

The.property of the soil to attract and absorb moisture, and to retain it for 
^ a time, depends upon the presence of clay in it (Mineralogy, § 49). 

A superabundance of clay is as detrimental to the agrarial usefulness of a 
soil as a deficiency of that material is. Over-clayey soils are constantly wet, 
and too closely lumped together to be properly accessible to atmospheric 
Influences ; and when a long-continued drought has at last succeeded to dry 
. them up, they constitute a hard mass which baffles all attempts of the roots to 
penetrate through it. Only rushes and reeds — hence also called clay plants — 
thrive on an over-clayey soil, and even these do only indifferently well there 
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MANURE. 

101. It has been ascertained byactual experiment thatacropof wheat abstracts 
Irom a field of 10,000 □ metres* (about acres English) in extent, 130 
lbs. of potassa-salts, 67 lbs. of lime-salts, and 260 lbs. of silica, making a total 
of 457 As. of mineral matters. Of these, 112 lbs. are phosphates. Now 
supposing a similar crop to be taken from the same field, for several succes- 
sive years, it is obvious that very considerable quantities of these mineral 
matters must be abstracted from that field, and that the surface of its soil 
must, therefore, necessarily grow poorer and poorer in them, until ultimately 
it can no longer afford the requisite supply of mineral constituents to the 
growing plants : the inevitable consequence of this will be a gradual falhng 
off in the produce of the impoverished field, until at length the yield will no 
longer repay even the trouble and expense of sowing. If we wish to reap 
year after year from the same fi(3ld, we must annually restore to the land the 
same amount of the essential mineral constituents as has been abstracted 
from it by the year’s crop. This is effected by the process of manuring. 

The dung of cattle, night soil, dried ox blood, and other animal matters 
of the kind, contain phosphates and sulphates. Put on a field, they restore 
it to a proper condition to afford to the crop growing on it the reejuisite 
supply of these inorganic constituents ; they are useful, moreover, as a source 
of carbonic acid and ammonia. Besides the cxcrementitious matters, &c. of 
man and the animals, there are many other substances which may subserve 
the purpose of manuring. 

Coprolites (ground and mixed with sulphuric acid), gypsum, bope-dust, 
wood-ashes, turf and coal ashes, soap-ashes, quicklime, the amrnoniacal liquor 
of gas-works, and the arnmoniacal refuse of some other works of the kind, 
afford most valuable manures. 

The more accurately the chemical composition of a soil is known, the 
easier will be the choice of the proper manure for it. A few bushels of the 
substances demanded by the nature of tlic soil and of the intended crop will 
prove more fertilising than whole cart-loads of unsuitable manures. 

There are more particularly two substances which have hitherto been found 
to exercise a most beneficial eftect upon the fertility of a field, even though 
used only in comparatively small cpantitics. These two substances are, 
gypsum and hone-dust. 

The fertilising properties of gypsum have been long known in Europe. 
Benjamin Franklin, struck with the richness of the crops which he saw 
gathered in our part of the globe, from fields and meadows manured with 
gypsum, endeavoured to introduce into his own country the use of that sub- 
stance as a manure but he found it difficult to persuade the American farmers 
to give it a trial, as no one of them would believe in the promised wonders. 
Therefore, to convince them of the truth of his allegations, he strewed 
gypsum on a sloping field, in a manner to form in enormous letters the 
words “ Effects of gypsum." The luxuriant growth of the plants sown' bn the 
part so prepared, and which made the words clearly legible to the passers- 
by, established the new manure at once firmly in popular favour. 

Gypsum is a compound of sulphuric acid and lime (Chemistry, § 81); it con- 
tains accordingly two of the essential constituents of plants (sulphur and lime). 

The fertilising action of gypsum is variously accounted for. Some would 
* One metre — 39*37 inches English measure. 
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ascribe it to the sulphur which that salt contains; others, basing their 
opinion upon the favourable influence which it is found to have upon the 
yield of lime plants, and more particularly of clover, attribute it to the 
lime in it. No doubt both the sulphur and the lime have their share in 
the good effects produced by the gypsum ; but this substance serves, more- 
over, to fix a portion of the ammonia in the soil which would otherwise 
escape into the air. This is effected by a double decomposition ensuing 
between the gypsum and the carbonate of ammonia in the soil, which results 
in the formation of carbonate of lime on the one side, and of sulphate of 
ammonia, a much less volatile compound than the carbonate, on the otlier. 
Carbonate of lime, again, is soluble in water containing carbonic acid ; this 
menstruum it meets with in the soil, and thus the requisite condition is given 
for its conveyance into the body of the plant through the ordinary channel 
of the roots. The facility with which the fine gypsum powder is diffused 
over a field, and its comparatively ready solubility in water, contributes also 
to its usefulness as a manure. 

Bone-dust exercises a most beneficial influence upon the soil, more parti- 
cularly in the production of wheat crops. The fertilising action of this 
manure is attributable to the nitrogen in the gelatine of the bones, and to 
the presence of phosphoric acid and lime. The more finely ground the bones 
are, the more profitable they prove as a manure. Admixture of sulphuric 
acid heightens the fertilising effects of bone dust. 

Oil cakes have been used of late as manure with great success. 

FALLOW. 

102. A field exhausted by successive crops may be restored again to pro- 
ductiveness, even without the application of manure, simply by leaving it 
uncultivated for one or several seasons. This is called fallowing^ and is 
extensively resorted to in many thinly populated districts. 

The restored productiveness of a field from being allowed to lie fallow for 
a time, is easily explained. The air and water incessantly exercising their dis- 
integrating action upon the soil, a fresh amount of the soluble mineral consti- 
tuents is continually being rendered accessible to the plants of a new crop. We 
can understand this the more readily if we bear in mind that most of the salts 
absorbed by plants .arc very difficultly soluble in water, and that it requires 
accordingly some time for the water penetrating into the soil to get saturated 
with them. A field lying fallow gets speedily covered with weeds, which serve 
to retain the moisture in the ground, and increase also the amount of humus. 

Soils only of the most favourable chcmic;il composition, such as disinte- 
grated lava, for instance, will produce crops uninterruptedly without either 
fallow or manuring. 

KOTATION. 

103. We have seen in § 95 that the inorganic matters which enter into 
the composition of plants vary considerably in their nature and relative pro- 
portions in the different species. Whilst a field of about 2i acres loses 
112 lbs. of phosphates by a crop of wheat, a crop of turnips takes only 38 lbs. 
from the same extent of land. It is obvious, therefore, that a field may pro- 
duce three successive crops of turnips without being more exhausted by the 
three than by one crop of wheat. 

This explains the reason why a soil that is exhausted with respect to one 
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species of plants, may still produce a crop of another species, and after this, 
another crop of a third species. Thus a crop of clover or of potatoes may 
be grown after a crop of wheat, without manuring the field, since these two 
plants require only a very trifling proportion of phosphates. 

The proper succession to be followed in the rotation of crops, depends, of 
course, always upon the nature and chemical composition of the soil of the 
locality. With a judicious shifting of crops, one thorough manuring will 
suffice for from five to seven harvests; and with a proper selection of manure, 
the system of liillowing, which is almost impracticable in densely inhabited 
countries, may be dispensed with altogether. 

AGRICULTURE. 

104. A disquisition on this most important of all the industrial occupa- 
tions of man, would exceed the limits of an elementary work like the present. 
What has been said in the preceding sections on the subject of the structure 
and functions of the organs of the plant, its constituent elements, and their 
absorption, will suffice, however, to point out to the farmer the advantages 
which he may ^erivc from the study of the science of agriculture. 

The prosperity of agriculture forms a safer foundation for the welfare of 
a people than the most flourishing state of any branch of manufacturing 
industry. The paramount importance of the tillage of the soil has been 
acknowledged in all ages. The ancients adored Ceres^ their goddess of 
agriculture, also as the goddess of civilisation. The Ihnpcror of China puts 
his hand once every year to the plough, to show his-subjects the high esti- 
mation in which agriculture ought to be held. 

We cannot abstain here from quoting the simple and patlietic appeal 
addressed by a chief of the red Indians to his tribe, to induce them to take 
to agricultural pursuits : — 

“ See ye not that the pale faces feed on grains, where we feed on flesh ? 
That the flesh takes thirty months to grow up, and that it is often scarce? 
That every one of those wonderful grains which they strew into the earth, 
yields to them a thousandfold return ? That the flesh on which we live, has 
four legs to flee from us, whilst wo have only two to run after it ? That 
the grains remain and grow up in the spot where the pale faces plant them ? 
That winter, which is the seavSuri of our toilsome hunting, is to them a 
season of rest ? No wonder, then, they have so many cliildren, and live 
longer than we do. Therefore T say to every one of you who will listen, 
that before the cedars of our village shall have died of age, and the maples 
of the valley have ceased to give us sugar, the rac(j of the corn-eaters will 
have destroyed the race of the flesh-eaters, unless the hunter should resolve 
to exchange his wild pursuits for those of the husbandman.” 

105. Tlie plant amply rewards the labour and care bestowed on its culti- 
vation. Only compare the dwarfish tuber of the wild potato in the Mexican 
mountains, with the gigantic tuber of the cultivated potato of our soil ; the 
wild carrot root, no thicker than a quill, and hard and sapless, with the 
juicy, saccharine vegetable cultivated for the table ; the sour crab-apple of 
our woods and hedges, with the delicious ribstone-pippin I 

As an instance of the rich return which fruit-trees, for example, will give for 
the care and labour bestow^ed on them, we may be permitted to relate the fol- 
lowing fact. During the Seven- Years’ War, a poor sick French soldier was 
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left behind in WcLlerstddim^ a small village Darmstadt The kind villagers 

nursed the sick man, and he recovered his health and strength. Gratefully 
attached to the people who had acted so humanely by him, he made up his 
mind to pass his life among them, supporting himself by his laboui*. Being 
intrusted with the care of the village cattle, he observed that there was 
ample room on the common for many a useful tree. This determined him, 
at the season when the cattle were stabled, to make a journey to his own 
country, whence he carried on his back a number of young stems of good 
fruit-trees, which he planted on the common. He went repeatedly the 
same way for the same purpose, and planted gradually the whole common 
with trees, which form now a splendid orchard, yielding a considerable 
annual revenue to the community. 

PARASITIC PLANTS. 

106. Some plants grow without any attachment to the soil, united to 
other plants on which they feed, depriving them thus of a portion of their 
sap, and impairing accordingly, more or less, the vigour of their growth. 
Such plants are called parasitic plants; they are mostly united to the so- 
called hast~layers of the stem on which they are found. The most familiarly 
known one of the tribe is the MMetoe^ \vhich is frequently found growing 
on fruit-trees and Ibrest-trees, and whose white berries yield a viscid matter 
like bird-lime. Many the vegetable parasites ai e attached to the roots of 
other plants, as Orobanche, or broom-rapes^ for instance ; Lallircea^ or scale- 
wo't% and Monotropa^ or Jlr-rapes, The various species of Cuscuta, or dodder, 
prove often peculiarly destructive to flax and clover. 

DURATION OF THE LIFE OF PLANTS. 

107. Whilst the existence of myriads of minute or microscopic fungi extends 
over a few brief hours only, many of the fungoid plants will live several days, 
or even weeks. The more highly organised plants are divided, according 
to the greater or less duration of their existence, into annual^ hiennial, and 
perennial plants. Some of the latter live to a great ago. 

From the number of annual rings or layers in several trees, it has been clearly 
shown that the trees in question, and which continue still in vigorous growth, 
are upwards of 2,000 years old. Nay, the age of certain specimens of the 
Baobab of Senegal, or inonkcy-bread-tree {Adansonia digit ata)^ is estimated 
at 6,000 years ! 

Generidly, though not universally, the girth of the trunk corresponds to 
the age of the tree. A large girth indicates a groat age. While our red- 
pine attains a height of from 160 to 180 feet, and a diameter of 6, there are 
palms which, without being thicker, reach to the immense altitude of 250 
feet. There are many of the winding plants of South America which have 
stems only about an inch thick, and which reach the astonishing length of 
1,500 feet. On Mount Etna there are some ancient chestnut trees that 
measure from 60 to 80 feet in girth. 

An elm, at Worms, called the Luther tree, is 116 feet high, and 35 feet 
in circumference. Its age may be from 600 to 800 years. The baobab 
trees just mentioned, have a diameter of from 27 to 30 feet, with a height 
by no means in proportion (60 to 80 feet). 
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Some seeds lose their vitality soon, others retain it for a ^ong time. Thus, 
some barley seeds were found to germinate, which had been discovered in 
a tomb supposed to date from the period of the irruption of the Arabs into 
France, and accordingly about 1,000 years old. Nay, we have instances of 
living plants produced from seeds found in the catacombs of Egypt, and 
which could not possibly be less than 2,000 years old. 

DISTRIBUTION OF PLANTS OVER THE GLOBE. 

108. The surface of the earth is very unequally covered with vegetation. 
As we approach the Arctic regions, we find plants gradually diminishing 
both in number and size ; the lofty pine of our forests is there — ^in the inhos- 
pitable wastes of high latitudes — seen dwindled to the dwarfish proportion of 
a stunted shrub; farther on towards the poles, lichens and mosses alone deck 
the frozen surface ; and in the highest latitude — the regions of eternal snow 
and ice — all traces of vegetation are lost. In the tropical regions, on the other 
hand, w(? find a most profuse and luxuriant vegetation, putting forth gigantic 
leaves, the most gorgeous llowers, and the richest and most delicious fruit. 

Most plants have a restricted range of distribution : many are confined to 
certain regions, or even to single localities. Imaginary lines may be drawn 
round the globe to indicate the limits of the regions of the olive, the vine, 
the maize, &c., &c. These imaginary lines do not run parallel with the 
equatorial line, as the moan temperature of a region may be considerably 
modified by local influences. (See Physics, § 150). 

In the temperate climate of England many plants from Australia and 
Polynesia, which would perish from cold in Germany, grow in the open air, 
whilst the grape and peach which come to maturity in the latter country, 
rarely ripen here, as they require a higher summer temperature than our 
insular situation permits us to enjoy. The lofty mountains of the warm 
zones present at different altitudes the Jloras* of the most dissimilar climates; 
whilst palms and orange-trees flourish at the base, their sumniit is decked 
with lichens, or capped with eternal ice and snow. 

109. Nature has abundantly provided for the dissemination of plants 
within the limits of their natural regions. Wind, water, and animals, are 
instrumental in disseminating them. Many seeds are supplied with winged 
and feathery appendages, and are thus easily wafted about ; others are pro- 
vided with minute hook-appendages, whereby they fasten on the hairy skin 
of animals, and are thus conveyed to greater or less distances. The birds and 
the herbivorous quadrupeds are also active instruments in the dissemination 
of plants. Rivers, streams, and even the great ocean itself serve to trans- 
port seeds to distant regions. 

Nevertheless, the flora of America and of Australasia was unknown to us 
before the discovery of those parts of the world ; and every year brings the 
accession of new plants ; and many of those which on their first introduction 
would appear to require the protection of the conservatory, get gradually 
accustomed to the climate, and even grow wild, as, for instance, the beautiful 
evening primrose, or night primrose (€Enothera\ which was brought to 
Europe in 1614, and now grows freely on our meadows, and on the ridges 
of our fields ; so also the Canadian flea-wort {Eriger(m\ which after the dis- 
* By the flora of a country, we understand its native or indigenous vegetation. 
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CO very of America, was accidentaljy brought over to Europe along with 
some rye, and forms now one of the most common weeds of our fields. 

III. CLASSIFICAIION OF l^LANTS. 

SY^STEMATIC BOTANY, OR TAXONOMY. 

110. The Classification of plants is, like all other arrangement in classes, 
founded upon an idea of likeness. It is obvious that the resemblances 
selected to base the arrangements upon, must rest not upon vague generali- 
ties, but upon distinct and characteristic marks. For supposing, for the 
sake of illustration, we were to classify plants according to their size, into 
^er*6s, shrubs, and trees, we should have to place the willow, for instance, in 
every one of these three categories, since it occurs on the mountains as an 
herbaceous plant, tmd in the plains both as a shrub and as a tree. 

For the groundwork of the system of classification which universally 
obtains at present, we are indebted to Linnaeus, a Swede, bom in 1707, and 
who will always occupy a high place among the most distinguished natural- 
ists. In his classification of plants, Linnaeus followed two different methods. 
In the one, he based his division of plants in classes and orders, upon certain 
peculiarities in the fioral organs. This system, being thus founded on 
characters taken from certain parts of the plant only, without reference to 
others, and having something artificial in it, has for tliat reiison been termed, 
the artijicioL system, but it is now more generally known as the Linnoean 
system. In the other method, he arranged the plants according to certain 
general resemblances and affinities, in natural orders or families. This system, 
which is known as the nadural system, has subsequently been much improved 
by Jussieu, Curator of the Jardin des Plantes, in Paris, and more recently 
by Decandolle, of Geneva, and Dr, J, Lincuey, of London, 

111. In botanic classifications, we use the term species, to designate ii 
number of individual plants, which, in all essential and unvarying characters, 
resemble each other more closely than they do any other plant ; the term 
genus or Idrul, to designate an assemblage of nearly allied species, agreeing 
with one aiiotlier in general structure and appearance more closely than 
they do with any other species. Here too it must be obvious, that while all 
parts of the plant may furnish specific characters, the character of the 
genera are taken exclusively from the pm’ts of fructification. 

In the name of a plant, both the genus and the species are given. The 
name designating the genus, is called the generic name of the plant, the one 
designating the species, the specific or trivial name. Thus, for instance, we 
have the genus Viola, which includes the species Viola odorata, sweet violet; 
Viola canina, dog violet ; Viola tricolor, heart’s-case ; and others. 

It is necessary to give the Latin names of plants, as tlie common name 
differs not only in different countries, but even in different parts of the 
same country. 

An assemblage or group of allied genera, agreeing in their general char- 
acters, though differing in their specif conformation, is called an order or 
family of plants. 

The sun-flower, the daisy, the aster, and the dahlia, are, for example, 
plants of different genera, but which all of them belong to the same order 
or family. \ 

u 2 
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That all plants are divided into ihree primary classes, viz., Dicotyledons, 
Monocotyledons, and Acotyledons, has been stated already in § 28. 

A proper degree of familiarity with the systematic classification of plants 
is of the very highest importance to the student. A successful pursuit of 
this branch of the botanical science presupposes a thorough knowledge of 
the structure and physiology of plants, and requires, moreover, the aid of 
attentive observation, and also some diligence in collecting and arranging 
plants. 

THE ARTIFICIAL OR LINNiEAN SYSTEM OF CLASSIFICATION. 

112. In this system plants arc dmded into 24 classes; twenty- three of 
these contain the Dicotyledones and Monocotyledones indiscriminately ; the 
twenty-fourth class contains the Acotyledones. 

The first twenty-three classes are founded on the number, position, rela- 
tive lengths, and connection of the stamens. The twenty-fourth comprises 
the plants witli inconspicuous flowers. Every class is subdivided again into 
several orders. This division depends, in the first thirteen classes, on the 
number of the styles ; in classes XIV. and XV. on the nature of the fruit ; 
in classes XVI. to XVI II. and XX. to XXII. on the number of stamens; in 
classes XIX. and XXI II. on the perfection of the flower. In class XXIV. 
the orders are formed according to natural affinities. 


TAin’KAM ViKW I in: Iann.v.ax Svstkm or Classifu ation. 

A. — Fi.owki:s Pi;i:si:nt (Phaio . 

I. StaiiuMi.'S aiul \>\>u\ in evm- iluwtT (ht nnn|i]irodite). 

1. Stann-ns fivf. 

o. Stiimcns of (.‘(jnul or iit>t «lirt' riujr in flofiiiitc ]»ro|iortioMs. 


Kuinber of Stauicns. 

1 

Cliffs ] 

Monandria. 

2 

o 

2. 

Li.indria. 

.S 


:i. 

Triandri.i. 

4 


4. 

Tetramlria. 

0 

JJ 

5. 

Peiitainlri;i. 

6 



Tlcxandria. 

7 . 

7? 

7. 

lle])tandria. 

H 



OctAnilria. 

if .... . . 

77 

9. 

Kniieandri.’i. 

10 

77 

10. 

Dto.indria. 

11—19 


11. 

rhslerandria. 

20 or) insortwl on ral vx .... 


12. 

leosaiidria. 

more f „ r'r«'j>ta< lc 


i;j. 

[‘olyaiuhia. 

A Stamens of differciit Inn^ths, two loni^ and tv.o sliort 


M. 

Didvnamia. 

,, f»>ur and tv o .short 

77 

15. 

Tetrad \naini/i. 

2. Stfim(*n;s nnittid by fibunonts in tun- lniii<]Io 


IG. 

Monad el ])liia. 

1 , „ in two bnndh-.H 


17. 

Diadi ‘Jidda. 

71 77 in inon* than two bundles 


1«. 

IhJvadiJphiu. 

„ by antbors (conn«4mnd llowors) 


19. 

Syn;;ene.sia. 

77 ^vitli pi.stil on a rohiinii 


20. 

Gynandriii. 

JI. Stamen.s ainl pi.stil in ditiuroiit llowcr.s (unisexual) 

on the same plant 


21. 

Moiuecia. 

on different plants 


22. 

l)ia;eia. 

III. Stanuai.s and pistil in the same or in different flowers, on 

the same or on diflereiit plants .... 

77 

23. 

Polyf^ainia. 

FLOWKES AIJ.SEXT 

77 

24. 

Co'ptoKamia. 
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TABUixiVR View (If Classes and OiiDr-RS. 


Classes. 

Orders. 

Examples. 

I. — ^Monandrlv . . 
One stamen. 

Monogynia 
Dig^Tiia . 

. one style 
. two styles 

Ililjpuris. 

Callitriche. 

11. — Diandria . . . 
Two stainens. 

Monog3mift 
Digynia . 
Trigynia . 

. one style 
. tw’o styles 
. three do. 

Syringa. 

Aiithoxantli'.uju 

III. — ^Triandria . . . 
Three stamens. 

Monogjmli 
Digpiia . 
Trigynia . 

. one style 
. two styles 
. three do. 

Iris. 

llordeum. 

Ilolosteimi. 

IV. — Tetrandria . . 
Four stainens. 

]Monog3mia 
Digynia . 
Trigynia . 

. one style 
. two styles 
. three do. 

Scahiosa. 

Cientiaiia. 

V. — Pextandria . . 
Five stamens. 

Monogjmia 
Dig\Tiia . 
Trigynia . 
Tetragjiiia 
PentagjTiia 
Polyg^Tiia 

. one .stylo 
. two styles 
. three do. 

. four lio. 

. fiv ‘ do. 
six and more do. 

Borago. 

Famicnlum. 

Samhuens. 

Pamassia. 

Linuui. 

Myosurus. 

VI. — IIexandria . . 

Six stnincns. 

Mc.ogynia 
Digynia . 
Trigjuiia . 
Tetragynia 
Polygyr'a 

. one style? 

. two styles 
. three do. 

. lour d«>. 

. nianv do. 

Lilium. 

Ox}Tia. 

Ivimicx. 

Alisma. 

VII. — HErrANDRIA . . 
Seven stamens. 

Monogynia 
Digynia . 
IVigynia . 
lleptagynia 

. one style 
. two styles 
. throe do. 

. seven do. 

TrientalLs. 

VIII. — OCTAXPRIA . . 

Eight stamens. 

jMonogynia 
Digynia . 
Trigynia . 
Tetragjmia 

. one style 
. two styles 
. three do. 

. four do. 

Daphne. 

Clirysosplcnium. 

Polj’gouum. 

Paris. 

IX. — Enne.vni>ria . . 

Niue stamens. 

Monogynia 
Trigania . 
j liexagynia 

. one style 
throe styles 
. six do. 

Butomus. 

X. — DErANDUIA . . . 
Ten stamens. 

Monogynia 
Digynia . 
Trigynia . 
Pentagynia 
Decagynia 

. one style 
. two stylos 
. three do. 

. five do. 

. ten do. 

Pyrola. 

Dianthns. 

Silene. 

Lychnis*. 

XI. — Dopecanpria . . 
'I'welvc to nineteen stamens. 

Monogynia 
Digjmia . 
Trigynhi . 
Pentagynia 
Dodecag^mhi 

. one style 
. two styles 
three do. 

. five do. 

. twelve do. 

Lythmni, 

Agrimonia. 

Keseda. 

Sempervmim. 
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Tabular View of Classes and Ortlers — cmtinuetL 


Classes. 

Orilcrs. 

Examples. 

XII. ICOSANDRIA . . 

Monogynia 

. one .St vie 

Primus. 

Twenty or more stamens in- 

Dig^mia . 

tw'o stylos 

Crativgns. 

sorted on tlie calyx. 

Trigjniia . 

. three do. 

Sorb us. 


Pentag>mia 

. live ilo. 



J^’<>lvgynia 

many ili». 

Uosu. 

XITI. POLVANnKIA . . 

jMonogynia 

one .style 

Pa paver. 

Many stamens inserted on the 

Digynia . 

. tw'o stvlos 

Pjcoiiia. 

receptacle. 

'J'rigjniia . 

. three do. 

Aconitinii. 


Tetragvnia 

four ilo. 



Peiitagynia 

. . live ilo. 

N Igtdl.i. 


ITexagpiia 

. six do. 



Polygvmia 

many dti. 

Kaniinculus. 

XIV. — Didynamta . . 

Gymnospermi. 

i - four naked seeds 

Lavaiulula. 

Two long and two short sta- 

Angiospermia 

seeds in ('a]>sule.s 

Linari% 

mens. Labiate and Per- 




senate Flowers. 




XV. — Tktradyna.mja 

8ilieulo.sa . 

. 1 iroad and sh ort pi )il 

Ca}isella. 

Four long .nid two short sta- 


(silicnla), and styk; 


mens. Cruciferou.s Flowers. 

Siliquosa . 

. long pod (siliiiiia) ; 

Bra.'isu-ii. 



stigma sessile 


XVI. — Monadflimita 

Pentandria 

. . live stamens 

KriKliiiTii. 

Stamens united in oikj bimdle. 

F.nneandria 

. nini! do. 



Decani iria 

ten ill). 

(veruniiun. 

• 

Dodecaiidria 

. 11-11) do. 

.Ahilva. 


Polyauilria 

. . many ili>. 


XVII. — Diadeiamiia . . 

Penlainiria 

. . five stamens 


.StameiLs united in two bnmlles 

(two above and thrive below'.') 


(one generally containing 

Ilexandria 

. six di). 

Fiiiiiaria. 

nine enclosed in a tube, and 

(throe right, three left, or three 


one free). Papilionacoa?. 

alM)ve and three below.) 



Octandria 

. . eiglit ilo. 

Polygala. 


(four above and I’our below, 



all uniUid at tho base.) 



Decandria 

. . ten do. 

Pisuni, 'rritbrniiii. 


(one alxivc and nine IkjIow, unitcjd 

1 f icnista. 


ill a cleft tulie .surrounding the 



ovaiy'.) 



XVIII. — Polyai>elfiiia 

Pentandria 

. . live huniUes 


Stfimens united in more than 

(each bundle bearing five 


two bundles. 

anthers = 26 stamens.) 



Dodecaiidria 

. twelve do. 



(each bundle bearing three 


• 

unthcr.'j = 3G stamens.) 



Icosaiidria . . 

many stamens in Imii- 

Citrus. 


dies, inserted on the calyx (20 



stamens 

in bundles bearing an 



unequal number of anthers.) 



I*olyandria . 

many do. in thm;, 

IlyiKsricuin. 


five, and nine bundles, inserteil 

* 


on the receptacle. 
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Tabular View of CljlsscH and Orders — continued. 


Classes. 

Orders. 

Examples. 

XIX. — Syncjknksia . . 

Polyj^amia cCimalia, florets all hernia- 

Lactuca. 

stamens, iilaments IVei*, 


plirodite. 


anthers united, flower mo- 

Polvframia 

.superflua, florets of the 

Aster. 

nopetalous, florets united oil 

di.sk hermaphrodite, tho.so of the 


a disk. Composite. 

ray pistilliferoiis and fertile. 


In the first four orders only a 

frastranea, florets of the 

1 lelianthus. 

eomnion calyx. (See § 07, 

di.sk herinai>hrodite, tho.se of the 


iii.) 

rav neutral. 



1 I*olvfjaniia : 

iiecc.«<sari.‘i, florets of flic 

Calendula. 


disk stainiuiferous, of the ray 



pistilliferous. 



Poly^amia sc^^reijata, a common calyx 

E(*lnno|)s. 


including all the florets, and a 



.separate involucre for each. 




anthers united, flowers 



I ^tmio^amia, 

not compound. 


XX. GvNANDniA . . 

Diandria . 

two antlUM’s 

Orchis. 

►Stamens and pistil imife<l. 

Triandria 

. three do. 



Tetrandria 

. . four do. 



Peutandria 

. live do. 



llexaudri.'i 

. si.x do. 

Aristoloehia 


l)e* andria 

. . ten do. 



Dodccaudria 

i‘Ieven to nineteen do. 



Pol}’audria 

twenty t»r more do. 


XXI. — Monou'ia ... 

Monamlriii 

. . one stiinu'ii 

Arum. 

Stamens and pistils in difVorimt 

Diandria 

. two stamens 

J.ennia. 

flowers on the .same plant. 

Triandria 

. tiiree do. 

Carex. 


Tetrandria 

four ilo. 

Crtica. 


IVntandria 

live do. 

Amarantims 


Ilexantlria 

. six ilo. ! 



Heptandria 

. . .seven do. 



Pol \ andria 

. more than .seven do. 

Querciis. 


3[ona<le1phia 

. .stamens united 

Piiiiis. 


►Syngeiicsia 

. stanu*n.s united hv 




their anthers. 



Gynaiidria, stamens and styles united 


XXI1.--Duk< i.v .... 

Monandria 

. one stamen 

Salix. 

Stamens and jastils in difler- 

Diandria , 

. two stamens 


ent flowers on ditlerent 

'rriaiulria 

. three ilo. 

Ficus. 

plants. 

Tetrandria 

four do. 

Visciini. 


Pentandria 

live do. 

Caiinahis. 

. 

Jlcxaiidrta 

. .<i.x <lo. 

Loraiithus. 


Octandria 

. eight do. 

Populus. 


Enneandria 

. nine do. 

Launis. 


Decoiidnu 

. . tea do. 

• 


Dodecandria 

eleven to iiiiictocn do. 

Stratiote.x. 


Poly andria 

many do. 



Aloiiadelpliia 

stamens united in one 

J unijienis. 



bundle. 



Syngenesia 

stamens united by the 




anthers. 



Gyuondria stamens and styles united. 1 
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Tabular View of Classes and Orders — 


Glasses. 

Orders. 

Examples. 

XXTII. — ^POLYGAMIA . . 

Monoecia, hennaphroditc, staminifer- 

Acer. 

Stamens and pi.stil in the same 

ous, and pistillifcrous flowers' 


or in different flowers, on 

on the same 

plant. 


the same or on different 

Dioecia 

on two plants 

Fraxinus. 

plants. 

Triujcia . 

on three plants 

. . . 

XXIV. — CniTTOGAaiiA . . 

Piliccs 

. Ferns 

Aspidium. 

Organs of fructification con- 

Musci 

. Mosses 

Spagnum. 

cealed (flowers in conspicu- 

ITepaticiC 

. Liverworts 

Marchantia. 

ous.) 

Lichenes 

. Lichens 

Cetroria. 

Algae 

. Seawe(‘ds 

Fucus. 


Pungi 

. Mushrooms 

Agaricus 


113. With all its imperfections, the artificial system has this advantage, 
that the character on which it is founded is sufficiently conspicuous (that 
is, of course, with the plants in full flower) to render it generally easy to 
ascertain the. class and order of a plant. At all events, it may serve as a 
useful artificial key, and as such may be combined advantageously with the 
natural system. 


114. NATURAL SYSTEM (JUSSIEU’S). 


Classes. 

r. Acotyledones 

(Mono-h>T)ogynaB (stamciLs hyiK>gyiious) 

J Moiio-pcrigyiias (stamens perigynous) 
(iSIono-epigyn* (stamens epigyuous) 

Monoclines, flowers hermaplirodite. 

(Epistainincie (stamens cpig}ai(m.s)’ 

Apetaloi (no |)ctals) ■< PeristaniineaB (stameim jKirigyiioiis) 

(Tlypostamirica? (stamens hypogynous) 
/Tlyj)ocorolla3 (corolla hyijogynous) 

Monopetala: (petals ) rericorolliu (corolla perigynous) . 

united). J Epicorolhe (corolla (Synanthene (anthers united) 

\ epigynoiw) (Cliorisantheraj (anthers free) 
(Epipetalae (jMitals epigynous) 

Perif)etalaj (petals perigynous) 


II. Monocotyledoncs 


2 I Polyi)etala 0 (petals 


distinct) (iTypopetalaj (petals hypogynous) 

Diclines, flowers unisexual, or without a perianth . 


lst/l$ass? 
2nd „ 


8rd y 
4th „ 


5th „ 
Gth „ 
7th i, 
8th „ 
9th „ 
10th „ 
11th „ 
12th ,, 
13th „ 
14 th „ 
1 6th „ 


This system, being likewise founded partly on individual organs, is also, 
to a certain extent, artificial ; and, strictly speaking, every natural method of 
botanic classification must partake more or less of an artificial character, 
as many orders of plants merge so insensibly into others that their respective 
limits cannot be accurately or rigorously defined. 
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IV. DESCRIPTION OP PLANTS. 

DESCRIPTIVE BOTANY. 

115. The marvellous variety, both in form and structure, of the subjects 
of the vegetable kingdom may be inferred from the fact, that already above 
100,000 species of plants are known, and every day adds to the number. 
However, this vast number of species is distributed over the whole surface 
of the globe, and a comparatively small number only falls to the respective 
share of different regions, countries, or localities. In Germany there are 
about 7,000 species of plants; the British Isles number considerably less. 

Botanical works treat either of the universal Flora of the globe, or simply 
of the Flora of some particular region, country, or locality. Some of the 
best works on the bottmical science are written in Latin, to make them prac- 
tically useful to the learned of all nations. 

Of the many works on the Flora of Germany^ we may mention here Kocits 
Synopsis of the Gorman and Swiss Flora, and the compendium of the Ger- 
man Flora by the same author ; and also KitteVs work on the same subject. 
Among the local Floras of certain parts of Germany may be mentioned that 
of Frankfort-on-the-Maine, by Fresenius; of Baden, by Gmelin; of WUr- 
temberg, by Schubler, and by Martens; of Hesse, by SchnittspaJm; of the 
Rhine, by Doll ; of Austria, by Schultes ; of Silesia, by Wim7ner ; of Berlin, 
by Schlechtendal ;"of Prussia, by Ruthe ; of Brunswick, by Laclimann^ &c., &c. 

Besides the English Flora by Sir J. E. Smith, which will always be regarded 
as the standard work on British botany, and the works of Balfour, Babbing- 
ton, Irvine, and others, the following local Floras may be recommended: — 
•Dr. Johnston’s Flora of Berwick-^on-Tweed; Leighton’s Flora of Shropshire; 
Jones’s of Devon; Murray’s Northern Flora, unfortunately only a fragment, 
but a valuable relict, especially to such as knew the amiable author, who was 
prematurely cut off in the zealous discharge of the duties of his profession. 
Besides these there are various county catalogues of plants more or less com- 
plete, and the ancient local lists of Blackstone, Jacobs, Warner, &c., together 
with the interesting itineraries of Johnson, the precursor of all British local 
botanists. 

To the English student of botany we recommend more particularly Bal- 
four’s masterly digest of the science (Manual of Botany). 

The most practical, and, in fact, the only way likely to lead to the acqui- 
sition of true botanical lore, is to collect specimens of the various species of 
plants, and to compare them carefully and attentively with the description 
given of them in botanical works, and with other allied species. 

The following is meant rather as a simple enumeration than a description 
of certain families of plants that come more particularly under our notice 
from their various uses in the great economy of life (in medicine, in the 
arts, &c.): — 

Section I. PHANEROGAMOUS. PLANTS. 

A. Dicotyledones. 

The largest class in the vegetable kingdom. The plants included under 
it have a cellular and vascular system, the latter consisting partly of elastic 
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spiral vessels. The leaves are reticulated^ The embryo has two or more 
opposite cotyledons. 

Subclass I. Thalajviiflok^. (Flowers on the receptacle.) 

116. Ranunculaceje, the Crowfoot family. The numerous plants of this 
order belong almost exclusively to the 13tli Class of the Linninan system. 
They are all of them more or less acrid, and most of them are poisonous. 
Some are used in medicine ; and a great many are cultivated in our gardens 
for their beautiful flowers. 

The most remarkable of this order are, the genus Ranunculus^ from which 
the order is named, and of which the buttercup {ranunculus acris and 
auricomus), is common on meadows, and the poisonous crowfoot {ranunculus 
sceleratus), in marshy localities ; the black hellehore ; the Anemone ; tlie 
Aconite or wolf s~bane; the larJcspur {ddphinium); Columbine (Aquilegiay, 
the Nigella; the gorgeous Peony. The various beautiful species of Clematis, 
most of them climbing plants, belong also to this order. 

117. Ntmpileace^, the Water-W/y family. The white water-lily 
(Nympluea alba), is well known as the ornament of our ponds and lakes. 
It is allied to the Egyptian water-lily or Lotus-flower, of which the seeds 
and roots are edible, and which are figured on Egyptian and Indian monu- 
ments.* The largest and most magnificent of aquatic plants, is the Victoria^ 
regia, or Guinea water-lily, with its immense white and rose-coloured flowers, 
more than a foot in diameter, and its gigantic leaves, from 12 to 20 feet in 
circumference. 

118. Papaveraceas, the Poppy family. The most important plant of this 
family is the common Poppy (PajMver somniferum), which is widely cultivated 
in Turkey and in the East Indies, for the sake of the milky juice procured 
from the unripe capsules, and which possesses strongly-marked narcotic 
properties : the inspissate and concrete juice is known by the name of opium. 
The orientals use it largely as a means of intoxication. The ripe seeds of 
the poppy yield a bland and wholesome oil. Opium is a mixture of caout- 
chouc, resin, and several vegetable acids and bases, of which latter morphia 
is the most important. (Chemistry, § 128.) 

The common red poppy, or field poppy {Papaver rhoeas), grows wild in 
the fields ; and Celandine {Clldidonium majus), is frequently seen by the 
roadside, near towns and villages, 

119. CRUCiFERjE, the cruciferous or Cresswort family. A large and well- 
characterised family, wholly included in the Linnman class Tetradynamia: 
having six stamens, four long and two short. The number of the petals is 
four, which are arranged in form of a cross. Fruit a siliqua, or a silicula. 
All parts of the plant contain a pungent, sulphurous, volatile oil ; and the 
B^eds yield a copious amount of fixed oil. Many of our most common ordi- 

" vegetables belong to the order, such as Turnip {Brassica rapa), Cress 
{Lepidium), Radish [Raphmius), Cabbage (Brassica ohracea), and its vari- 
eties, crisped colewort, savoys, cauliflower, Brocoli, red Cabbage, &c. Many 
of the CrucifersB possess marked anti-scorbutic and stimulating qualities, as 
e. g. scurvy-grass {Cochlearia officinalis); the Horse-radish {Cochlearia 

* Some botanists suppose the flower of Nelumhium snavisaum to be the ancient Lotus of 
the Nile. 
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armorim), has irritant, and even vesicant prpperties. The seeds of Sinapis 
ni^a furnish our table-mustard. Many ornamental plants also belong to 
this order, as e, g. stocky waU-flower, rocket {lunaria). Wood (Isalis tincto- 
ria), yields a blue dye, which was formerly, before the introduction of indigo, 
in much greater request than it is now. 

120. ViOLACE®, the Violet family » A small order composed chiefly of the 
numerous species of the genus Viola, Examples, the sweet-scented violet 
(viola odorata), the heart' s-ease ( Viola tricolor)^ and the field violet ( Viola 
arvensis)^ which latter is given in infusion in certain diseases of the skin. 
The roots of the Violacece have emetic properties. 

121. Caryophyllace®, the Chichveed family. Some of this family are 
showy garden flowers, as e, g, the numerous species of pink or carmtion 
{Dianilms caryophyllus).^ and of Lychnis, The soap-wort plant (Saponaria)., 
the bruised leaves of which make a lather with water, and the Corn-cockle 
{Lychnis githago), belong also to this order. 

122. Malvace®, the Mallow family. The plants belonging to this 
order yield an abundant supply of a viscid mucilage. The common malloiv 
{Malva sylvestris\ the marsh mallow {Althaea officinalis^ and the hollyhock^ 
[Althcea rosea), arc employed medicinally, as demulcents and emollients. 

But one of the most important plants of the order is the cotton-plant 
{Gossypimn)j indigenous in Africa, and in the East Indies, whence it has been 
transplanted successfully to America, the West Indian Islands, and even to 
the south of Europe. The cotton is composed of the hair surrounding the 
seeds, and which form in the carpels, as the seeds advance to maturity ; 
we see a similar substance formed in the catkins of our poplars and willows, 
and in the capsules of Epilohium (French Willow-herb). It may be safely 
assumed that cotton constitutes the staple material of clothing for the great 
majority of mankind. The cultivation of the plant, and the transformation 
of the raw material into the manufactured article, aflbrd employment to 
millions of men, women, and children, aided by some of the most ingenious 
machines and mechanical appliances ever devised by the human intellect. 

123. Byttneriace®, the Byttnerla and Chocolate family^ or Cacao-tree 
tribe. The theohroma cacao, which yields the cacao beans, is a native of 
Mexico. The beans, wliich form the chief ingredient in chocolate, contain 
a crystalline principle analogous to caffeine, and which is called Theobromine. 

124. Ternstrosmiace®, the Tea family. Tlie most important plant of 
this order is the tea-shrub (Thea sinemis), a native of the Celestial empire. 
Tlie quality of the tea depends in a great measure upon the district in which 
the tea grows, upon the season when the leaves are picked, and upon the 
mode in which they are prepared. Tea contains a crystalline principle 
analogous to caffeine, and which is called theine. A Eussian ambassador to 
the Court of Pekin introduced tea first into Europe, about the beginning of 
the 17th century. The annual production of tea in China, is estimated 
at about 500,000,0(10 lbs. The genus Camellia, which is prized on account 
of its showy flowers, belongs also to this order. The Camellia japonica, or 
Jcqian Rose, forms one of the choicest ornaments of our conservatories. 

125. Aurantiace®, the Orange family. These dark-leaved trees of the 
south of Europe and other sunny lands, abound in almost every part with 
receptacles of a fragrant, bitter, volatile oil. Their beautiful yellow fruits 
contain citric acid, and many of them also sugar. The rind or pod of this 
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fruit, more particularly of the rjpe fruit, contains a bitter aromatic substance. 
Examples, the Citron (Citrus medica\ the Lemon (Citrus Ivmmum)^ the 
Orange {Citrus aurantmm)^ and the Bergamot (Citrus limettd). 

126. Agerace^, the Maple family. The maples furnish an excellent 
material for articles of furniture, pipe-bowls, &c., and are useful also as fuel. 
From the juice of the Sugar maple {Acer Saccharinum)^ sugar is manufac- 
tured in North America. 

127. Ampelidejs, or ViTACEiB, the Vine family. The principal plant of 
this order is the Grape vim ( Vitis vinifera), a native of Persia, which is now, 
however, fully acclimatised in the whole of southern, and in part of central 
Europe. 

128. LiNACEiE, the Flax family. Hie most important of this order is 
the flax-plant (JLinum usitatissimum), from the inner bark of the stalk of 
which we procure the flax, next to cotton, the most important clothing 
material, and, upon the whole, superior to the latter, from its greater 
tenacity and power of absorbing moisture, and also from the use we make of 
it in the manufacture of paper. The cotyledons of the seeds of linum usita- 
tissimum, yield the so-called linseed oil, which, on account of its siccative 
properties, is used in the preparation of colours and varnish. 

129. Fygophyllacea-:, the Giiaiaxum family. The wood and the resin 
of Guaiacum ojjicinale are used medicinally in cutaneous and syphilitic 
diseases. The wood of Guaiacum, commonly called lignum vitce, is prized 
much on account of its hardness. 

130. Kutaceas, the Eue family. The garden rue (ruta graveolens), con- 
tains a volatile oil of powerful odour. The dittany {Dictamnus), is one of 
the most beautiful of our wild flowers ; the rich purple blossoms are said to 
emit a phosphorescent light in warm summer nights. 

131. SiMARUBEAi, the Simaruha and Quassia family. The intensely 
bitter quassia wood, which is extensively used in medicine, was formerly the 
product of the Quassia amara of Surinam, Guiana, and Colombia. Our 
present (quassia of the shops is this wood of the Simaruha, or Picrcena exceka 
of Jamaica and other West Indian islands. 

Subclass II. Calyciflora*:. (Flowers on the calyx). 

132. Hhamnage^, the Buckthorn family. The black succulent berries 
of the common, or purging buckthorn (^Rhamnus catharticus), contains a 
greenish juice, which, mixed with lime, and evaporated by degrees, forms 
the colour called sap-green. The charcoal of the black elder {Bhamnus 
frangula), is extensively used in the manufacture of gunpowder. The 
Zizyphm jujube supplies the fruit osiAfid jujube. 

133. ANACARDiACBiE, the CoshctC-nut family. The plants of this order 
yield a number of resins, among which we will only mention here. Mastic 
or Mastick, the exudation of Pistacia kntiscus. The bark of the various 
species of sumach {rhus), abounds in tannin, and is largely used by the 
tanner and the dyer. The poison-oak [Bhus topcicodendron)^ contains a 
volatile acrid poison, which acts upon some persons with such virulence, 
that the mere handling of the leaves, nay, even a somewhat prolonged stay 
in the vicinity of the tree, sufflees to cause in them a general inflammation 
and swelling of the skin. Allied to this family is the walnut-tree {JugUms 
regia), the flne-flavoured nuts of which yield a bland oil, which is used in 
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some countries as a substitute for oliVe oil. ,The wood of the walnut-tree is 
much used for articles of household furniture. Juglans regia is generally 
regarded by botanists as the head of a distinct family, the Juglandacce, or 
walnut family. 

134. Amtridace^, the Amyrk family. The Balsamodendron myrrha 
of Abyssinia, is generally looked upon as the source of the ollicinal myrrh. 

135. Leguminos-®, the Pea and Bean tribe. This extensive and impor- 
tant order embraces many highly useful plants, some of which, as the Pea 
and Bean, arc universally known as articles of food ; the seeds of these 
latter abound in starch, and, besides, in phosphate of lime, and in azotised 
matter, and rank accordingly very high in the scale of nutritive plants. 
Examples, the Bean [Phaseolus\ the Pea (Pisuni)^ the lentil (^Ermm\ &c. ; 
and as food for cattle, the various species of clover or trefoil (trifolium), 
saintfoin ( Onohrychis), Medick and Lucern (Medicago). The Melilot {Meli- 
lotus) is used on account of its pleasant smell, as an ingredient in the 
making of green cheese ; it is also used in the dry state to scent snuff. 

To the arts, this order furnishes some of the most important dyes, and 
more especially the indigo, the most beautiful and fastest of all vegetable 
colours. The indigo of commerce is formed from various species of Indigo- 
feroe, more particularly from Indigofera tinctoria^ and Indigofera coerulea. 
Most of our indigo comes from the East Indies ; it is prepared by macerating 
the branches of the plant in water ; this brings on decomposition : a green 
scum rises to the surface of the liquid, the latter turns yellow and turbid, 
and acquires afterwards a blue colour, and deposits a blue sediment, which 
is then collected, pressed into square cakes, dried, and packed for exporta- 
tion. 

The Immotoxylon camjoeachianvniy furnishes the Logwood or Campeachy 
wood, which is used jxs a dye (blue, violet, and black). The Ccesalpinia 
echinata gives the Pernambuco wood, which serves as a red dye. 

Many of the Lcguminosce have medicinal qualities, as e. g. the various 
species of Acacia, which yield the guininy substances known as Gum Arabic, 
Gum Senegal, Barbary Gim, East Indian Gum, Babool Gum, and some 
other varieties ; the various species of Cassia, which supply the senna of the 
shops; the St John^s bread-tree or Caroh-tree {Ceratonia silujua); the 
Tamarind-tree ( Tamarindus indica) ; the Liquorice (Glych’rhha glabra) ; 
the various species of Astragalus, which yield the Gum Tragacanth ; the 
Myroxolon peruiferum, and toluiferum, which respectively yield the balsams 
of Peru and Tolu. Many of the plants of the Pea and Bean tribe, more 
particularly of the suborder Papilionacea?, have beautiful showy flowers, as* 
e. g. Bobinia, Laburnum,. Citysus, Olianthus, Lupinus, &c. 

18G. Rosace®, the Rose family. Another extensive and highly impor- 
tant order. Though there exist wide differences between the many genera 
and species constituting this order, still, an attentive study of the flowers 
of the different genera will show that the distinctive name of the family has 

properly been derived from the Itose^ the queen of flowers. 

The celebrated oil or attar of roses, is prepared from the petals of Rosa 
centifolia, and its varieties; the damask-rose {Rosa* damascene^, the musk- 
rose {Rosa moschata) and others. 

Culture has produced an extraordinary number of species and variet^js. 
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not only of the Rose, but also of most of those plants of the order which yield 
edible fruits, such as the Plum-tree (Prunus d(»nestica\ the Apricot^ the 
Peach {Amygdalus persica)j the Cherry {Cerasus)^ the Pear (Pyrus), the 
Apple {Pyrus malus\ the Quince (JPyrus cydonia)^ the Strawberry^ the 
Raspberry^ the Bramble^ &c. The berries of the Blackthorn or Sloe^ 
(Prunus spinosa\ are tart and astringent. The leaves of the Cherry laurel 
(^Prunus laurocerasus)^ the seed of the bitter almond (^Amygdalus amara)^ 
and the seeds of all the plants of the suborders Amygdalece and Pomece^ 
contain hydrocyanic acid. The 8(yrh-apple-tree (Sorbus), is often used to 
plant avenues ; and the Hawthorn (Cratcegus), to plant hedges. 

137. MruTACEiE, the Myrtle family. The plants of this order are chiefly 
natives of warm countries ; still, there are many of them that are found in 
more temperate regions. In our own climate, we cultivate some of them as 
ornamental plants, especially the common Myrtle {Myrtus communis)^ whose 
shining green leaves and pure white blossoms look so charming in the bridal 
wreath. 

Many of the plants of this family yield an aromatic volatile oil. The 
Cloves of commerce are the flower-buds of Caryophyllus aromaticus; the 
leaves of Melaleuca minor ^ yield the volatile oil of Cajeput; Pimento^ or 
Allspke^ is the baccate fruit of Eugenia pimento^ or Myrtus pimento. The 
Guavas and Rose-apples are pulpy edible fruits, the former the produce of 
various species of Psidium ; the latter of various species of Eugenia. 

138. CucuRBiTACEAS, the Cucumber family. This order is characterised 
by its large fruit. It contains the Gourd or Pumpkin {Cucumis), or 
(fOwsurbita pepo\ the Cucumber^ the Melon^ the Colocynth, the White 
Bfiony, &c. 

139. CACTACBiE, the Cactus or Indian Fig family. The plants of this 
order are chiefly natives of the tropical parts of America. They are remark- 
able for their succulence, and the peculiar angular or flattened shape of 
their stems ; the leaves are usually absent, and replaced by numerous, and 
often very dangerous, spires or prickles. However, most of these vegetable- 
monstrosities have remarkably showy flowers ; some species of Cactus are 
acclimatised in the south of Europe. Many plants of the order bear edible 
fruit, as e. g.. Cactus opuntia, or Opnntin vulgaris^ the fruit of which is 
known unct^r the name of Prickly Pear. The Opuntia cochinellifera^ and 
some other species, afford food to the cochineal insect. The acidulous juice 
of the fruit of some species, makes them a welcome sight to the traveller in 
the hot and dry regions where they grow. The Cactus plants serve also as 
fuel, and in the formation of impenetrable hedges. For their showy flowers 
we cultivate them in our hot-houses, more especially the Cactus Cereus^ 
C. fiageUiformis^ C. grandijhrus, and C, speciosus. 

140. Grossujlariace.®, the Gooseberry and Currant family. This small 
order contains the various kinds of Gooseberry {Ribes grossularia\ and 
Currant (Ribes rubrum and nigrum). 

141. Umbellipera-:, the Umbellifer<ms family. All the plants of this 
order have five stamens, and belong accordingly to the class Pentandria of 
the Linnaean system. They are characterised by their variously-divided 
leaves, and umbellate involucrate flowers. The seeds are small, and, for 
th^ most part, abound in volatile oil, which makes them useful as spices and 
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in medicine. Such are, for instance, Caraway seeds^ from Carum carvi; 
Fennel, from Foeniculum vulgare; Anise, from Fimpinella anisum; Cori- 
ander, from Coriandrum sativum; Water-fennel, from FheUandriiim aqua- 
ticum; Bill, from Anethum graveolens; Chervil, from Anethum cerefolium. 

The succulent saccharine root of some species is used as an article of 
food. Among such esculent species may be noticed — ^the Carrot {Baucus 
carotd); the Celery {Apium graveolens); the Parsnip (Pastinaca sativa); 
the Parsley root (Apium petroselinum). 

But the order contains also several poisonous species, such as Hemlock 
{Conium maculatum), and FooVs parsley (^thusa cynapium), and which, 
unfortunately, from their resemblance to some of the edible species, are 
liable to be mistaken for the latter — mistakes which have not unfrequently 
led to fatal accidents ; thus the roots of hemlock have been mistaken for 
parsnips, and the leaves of hemlock and of fool’s parsley, for the common 
parsley or for chervil. 

We will therefore give here a description of these two poisonous plants. 
The hemlock has a round hollow stem, from three to four feet high, and 
dotted with purple spots. The leaves are smooth, tripinnate ; the leaflets, 
lanceolate, serrate, with the little teeth at the mjirgin running out into a 
fine white hair point. The involucre of the umbel consists of from one to 
five bracts; the umbellules have pendulous involucels consisting of three 
bracts. The dowers are small and white ; the fruit is oval ; each hemicarp 
is trfi versed by five indented longitudinal ridges. The whole plant has a 
disagreeable mouse-like odour when it withers, or when it is rubbed between 
the fingers. 

The parsnip differs from the hemlock by its yellow dowers, and the 
absence of involucre and involuc ds. With parsley, hemlock can hardly 
ever be confounded after the stem has made its appearance. The small 
leaflets of parsley are oval, incised, and dentate ; rubbed between the fingers, 
they have an agreeable aromatic odour. 

The P^ooVs parsley has bipinnate leaves, with small leaflets. The umbel 
has no involucre, but the umbellules are provided with pendulous involucels 
consisting of three bracts. The fruit is spherical, each hemicarp is traversed 
by five thick longitudinal ridges. 

This plant (Fool’s parsley) often grows in gardens, and might be mistaken 
for chervil or parsley ; however, as its leaflets are smaller than the chervil 
and parsley leaves, and are, moreover, inodorous, a little examination will 
sudSce to guard against a mistake of the kind. 

The Water hemlock or Cowhane {Cicuta virosa), is still more poisonous 
than hemlock and fool’s parsley ; but growing, as it does, in stagnant waters, 
and not in gardens and fields, the danger from it is less. 

llie symptoms of poisoning by hemlock are a feeling of dulness and 
tension in the head, vertigo, delirium, and partial paralysis, with convulsive 
twitches. When inadvertently taken, vomiting should be induced, by the 
administration of warm water mixed with oil — a general remedy in cases 
of poisoning which may be had recourse to in most cases until tiie arrival 
of a medical man. 

Some of the Umhelliferce of Persia and AfFghanistan yield milky juices, 
which concrete into a fetid gum-resin (Chemistry, § 145), as e. g* Ferula 
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*^afcetid<tf which yields the cfsafoetida of the shops ; and Dorema afnmoni- 
acum, which furnishes the Gum-ammoniae, 

Subclass III. COROLLIFLOMS. 

142. Caprifoliace^, the Honeysuckle family. ^ The various species of 
woodbine {Lonicera caprifoliwn\ are great favourites for covering arbours, 
and for ornamenting verandahs. The flowers and berries of Elder (Sam- 
bucus nigra), have long been an esteemed, soporific ; SnowbaU ( Viburnum), 
is one of our most ornamental shrubs. 

143. RuBiACEiE, tlie Madder and Peruvian Bark family. The most 
important of this order is the genus Cinchona, the various species of which 
furnish the Peruvian or Jesuit’s bark. The Cinchona-tree seems to be con- 
fined to Peru, Columbia, and Bolivia. Peruvian bark was first brought to 
Europe towards the end of the 17th century, and was at that time estimated 
at and paid for almost its weight in gold. The Quinine of the Pharmacopoeia, 
the most effective specific known against intermittent fever, is prepared from 
Peruvian bark. Cephaiilis Ipecacuanha, yields the Ipecacuan of the Phar- 
macopoeia, the emetic most commonly given. But the most important 
plant of the family is the Coffee-tree (Coffea arabica), originally a native of 
Africa, but transplanted thence to Arabia, and to the East and West Indies. 
Coffee forms an important item in European imports. The first coffee- 
house was established in Constantinople in 1554; London, 1652 ; Marseilles, 
1671. The annual production of Coffee is estimated at present at 
500,000,000 lbs. Coffee contains a bitter crystalline principle called 
Caffeine, and which is equally found in Tea and Cocoa. 

Madder (Bubia tinctoria), furnishes the fastest-* of our red dyes, the cele- 
brated Turkey-red, The galium, which grows in our hedges, sticks to the 
clothes of man, and to the woolly covering of animals. TJie pretty Wood- 
ruff (Asperula odorata), is used in the preparation of the “ Maiwein,^' a 
spring beverage which is a great favourite with the people on the banks of 
the Rhine. 

144. Valeriana CEAJ, the Valerian family. The Field salad, or Lamb's 
Lettuce (Fedia or Valeriana alitoria), is one of the most welcome winter 
plants. The root of the common Valerian ( Valeriana officinalis), is well 
known for its medicinal uses ; it has a peculiar strong odour, very agreeable 
to cats, but the very reverse to the somewhat more fastidious sense of smell 
of man. 

145. Dipsacaceje, the Teazel family. The most important plant of 
this small order is the Fuller s teazel (Dipsacus fullonum), the heads of 
which on account of their spiny bracts, are used in dressing cloth. The 
plants of the genus Scabious (Scahiosa), adorn our meadows and gardens. 

146. CoAtPOSiTiE, the Composite family. (Composite flowers, see fig. 112). 
This is one of the largest families in the vegetable kingdom. It is subdivided 
into three suborders, viz., Cynarocephaioe, Corymbiferce, and Cichoracecs. 

a. Cynarocephalas, the Artichoke tribe. The leaves of the blessed 
thiAU (CdTduus benedictus), and the Oarline thistle (Carlina), are used in 
medicine on account of their bitter principle, but much less so now than 
formerly. The Corn flower (^Gentaurea cyanus), is much admired for the 
beautiful blue of its petals; the Burdock (Arctium lappa), is familiarly 
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known from the tenacity with which the 6ur or dot-hur sticks to clothes, 
&c. The young succulent receptacles of the Artichoke {Cymra scolymus)y 
are eaten. The dried flowers of Carthamus tinctorius,^ constitute the so- 
called safflower or siaffer^ from which a pink dye is prepared. 

h. CORYMBiFERiB, the CoTymb-bearing tribe. Of the plants of this tribe 
employed in medicine, we notice Milfoil {AchiUea miUe folium) ; Chamomile 
(Antkemis nobilis), distinguished from the baser sort by its hollow conical 
disk, and its pungent aromatic smell; the Mountain arnica^ Mountain 
tobacco., or Leopardis bam (Arnica montana); the elecampam (Inula 
Helenium); the Coltsfoot ( Tussilago farfara), the yellow flowers of which 
appear early in spring, whereas the leaves make their appearance only late 
in summer; the Tansy (Tanacetum vulgare), and the Wormwood (Artemisia 
absinthium^ Absinthium ojffkinale, and A. mdgare'), contain an aromatic 
volatile oil, possessed of poAverful anthelmintic properties. The Artemisia 
absinthium is remarkable for its intensely bitter taste. 

The Asters of China (Starwnrt)^ the Dahlias of Mexico, and the stately 
Sunflower (Helianthus)^ are among the most ornamental of our garden 
plants. The roots of the Girasde artichoke (Helianthus tuberosus)^ are 
used as substitutes for potatoes. The seeds of Madia sativa yield a bland 
oil. Finally, we must not pass over here the Daisy (Beilis), the sweet 
ornament of our meadows ; and the everlasting plant (Gnaphalium), of 
which our neighbours, the Germans and French, make funeral wreaths. 

c. CiCHORACE-®, the Cichory tribe. This suborder is characterised by 
its ligulate florets. Most of the plants contain a bitter milky juice. Exam- 
ples, the common salad, lettuce (Lactuca sativa), the wild or poisonous 
lettuce [Lactuca virosa); the wild Succory or Chicory (Cichorium Intybus); 
the Endive (Cichorium Endivia). The Dtuidelion {Leontodon taraxacon, or 
taraxacum dens leonis), is used medicinally. Scor^onera was once famous 
as a pot-herb. 

147. Ericaceai:, the Heath family. Hie comynon heather or Ling (Calhma 
or Erica vulgaris), is familiarly known. Most of the plants of the heath 
family are natives of Africa, though found also in Europe, America, and 
Asia. They are remarkable for their pretty globate, urceolate, and cam- 
panulate flowers. The heath plants frequently constitute almost the sole 
vegetation on barren sandy tracts, where they afford an abundant supply of 
honey to the bees. The Alpine rose (Rhododendron), adorns the summit of 
lofty mountains. The exotic Rhododendrons and Azaleas form the great 
ornaments of our lawns in early summer. 

148. VACCiNTACEiB, the Cranberry family. Tliis order is closely allied 
to the preceding. The Cranberry is the thiit of Vaccinium oocy coccus, and 
V. macrocarpum; the red Whortleberry or Cowberry, of Vaccinium vitis- 
ideas; the bilberry, of Vaccinium myrtillus. 

149. Jasminace^, the Jasmin or Jessamine family. Many of the plants 
of this order have fragrant flowers, as, e. g. the sweet-scented Jessamine. 
The well-known Spanish fly is found only on plants of this and the next 
family. 

150. Oleaceje, the Olive family. The most important plant of this 
family is the famous Olive-tree (Olea europcea), the pride of Italy and 
Greece, and the symbol of peace ; the fleshy pericarp of the olive yields by 
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expression the well-known olive oil, the finest sorts of which come from 
Provence and Florence. Several species of more particularly 0. 

rotundifolia and 0. europcea [Manna ash or Flowering asA), peld a sweet 
exudation called Mama, The common Prvoet (Ligustrum vrdgare)^ and 
the various species of lAlac {Syringa)^ have fragrant flowers. 

151. AsCLEPiADACEiE, the Asclepias family. The plants of this order 
are used in medicine on account of their acrid, purgative, emetic, and dia- 
phoretic properties. Examples, the BnUerfiy-weed^ or Pleunsy-root {Accle- 
pias tiiherosa), which is used as a cathartic and diaphoretic; the Hemidesmus 
indicuSf of which the fragrant waters are used in Madras as a substitute for 
sarsaparilla, and many others. 

152. APOCYNACEiE, the Dogbane family. Many of the plants of this 
order are poisonous, as e, g. the common Oleander (Netium oleander). 
The Perhmmles ( Vincas) are astringent and acrid. 

153. LoGANiACEiB, the Logania family. The plants of this, order are 
highly poisonous ; they inhabit chiefly tropical and warm climates. As an 
example, we notice here the genus Strychnos, and its varieties, Strychnos 
mix vomica, the Poism-nvJt or KoocMa, the seeds of which contain the 
alkaloids Strychnia and Brucea, both, but more particularly the former, highly 
poisonous (Chemistry, § 123^; Strychnos Ignatia, or IgnaJtia amara, the 
St, Ignatius^ bean, of which the seeds also contain Strychnia; Strychnos 
Tieuti, the source of the famous Java poison. Upas tieuti, 

154. GENTiANACEiB, the Gentian family. An order of plants character- 
ised by the intense bitterness of all parts, but more especially the roots. 
The Gentiana acaulis, and the Gentiana vema, both Alpine plants, are 
remarkable for their showy blue flowers. The Gentiana lutea has showy 
yellow flowers ; the roots of the latter plant constitute the medicinal gentian. 
As a substitute for the latter, we use the flowering cymes of the common 
Centaury {Erythrcea centaurium), and the leaves of the Buck-bean or 
Marsh-trefoil (fdenyanthes trifoliata), 

155. CoNVOLVULACEiE, the Convolvulus or Bindweed family. This small 
order contains the hedge and the field Convolvulus {Convolvulus septum and 
C, arvensis); and the Jalap-pjant {C. Jalapa), of which the root-stock 
contains a resin possessed of medicinal properties. The Batatas edulis, or 
Convolvulus Batatas, yield the sweet potato, which is used as an article of 
food in tropical countries. 

156. BoKAGiNACEifi, the Borage family. The plants of this order have 
terete stems, rough leaves, gymnopetalous 5-cleft corollas, with five stamens. 
They contain mucilage, and some of them nitrate of potassa, on which 
account they, and more especially Borage (^Borago officinalis), require the 
presence of that salt in the soil on which they grow (see § 89). Among 
the more common species may be mentioned the stone-crop, or Gremil 
(Lithospermum maritimum); the Bugloss {Anchusa); the Alcanna or 
Alkanet {Anchusa tinctoria), which supplies the alk^et-root used as a 
reddish-brown dye ; the a^r's wort or vipev^s bugloss {Echium) and the 

Forget-me-not (^Myosotis palustris), 

157. SoLANACE.®, the Nightshade family. The plants of this important 
order are characterised by their monopetalous 5-cleft rotate corolla, with five 
stamens. Most of them have narcotic properties, developed in some to a 
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most poisonous degree, but obscured in others by the presence of starchy 
and nutritious matter. The narcotic properties are generally most strongly 
prominent in the roots and seeds. 

As poisonous plants of the order, we mention ; the Thorn-ajrple {Batura 
stramonium); the Henbane {Uyoscyamus) ; the Deadly-nightsha^ or Dwale 
{Atropa belladonna), which often attracts children by its shining, dark 
brownish-black berries. The Common nightshade {Solanum nigrum), and the 
Bitter-sweet or Woody-nightshade {Solanum dulcamara), are somewhat less 
dangerous. Datura arborea is known as an ornamental plant by its long 
funnel-shaped flowers. 

Tobacco {Nicotiand) partly loses its narcotic properties by drying, and by 
the manufacturing processes of maceration, &c. This plant, which forms 
now a staple article of commerce and consumption, was first brought from 
America in 1540. 

To the same quarter of the world we are indebted for the Potato {Solanum 
tuberosum), which was first brought to Europe in 1586, by Sir Walter 
Raleigh, but has been extensively cultivated in our quarter of the globe 
only since about a hundred years ago. This valuable esculent being ex- 
ceedingly prolific, and growing even in the poorest sand-soils, the danger of 
severe famine is considerably lessened thereby. Potatoes that have put 
forth sprouts and shoots in cellars and pits, are injurious to the health. 
Frozen potatoes may be rendered eatable again by putting them for a time 
in cold water ; when a crust of ice has formed on the water, the potatoes are 
taken out, put into the cellar, and consumed as speedily as possible. 
In wet seasons, the proper quantity of farinaceous matter is not produced 
in the tubers, which renders them more prone to rot. The cause of the 
peculiar disease which has visited the potato since 1844, remains still in 
obscurity. 

To the family of the Solanacese belong also the Egg-plant {Solanum om- 
ferurri) and the Love-apple {Solanum Lycopersicum or Lyeopersicum esculenturrC), 
both ornamental plants. The fruit of the latter, the Tomato, or Love-apple, 
is eaten, more particularly in South America. The fruit of the Peruvian 
winter cherry {Physalts Pemviana) is also eaten. The fruit of the different 
species and varieties of Capsicum supplies the well-known Cayenne pepper 
and the Chillies. 

158. ScROPHULARiACE^, the Figwort family. Among the species of this 
order we mention : the Figwort {Scrophularia) ; the P^icularis; the Eye- 
bright {Euphrasia); the Great mullein {Verhascum thapsus), the emollient 
and slightly narcotic woolly leaves of which are occasionally used in certain 
pectoral affections ; and the most important of the medicinal plants of the 
order, the Fox-glove {Digitalis purpurea), with its beautiful red flowers. 
Some of the species of Linaria and Calceolaria are used for dyeing. 

159. Labiatas, the Labiate family. The numerous species of this family 
are characterized by their labiate, ringent, or personate flowers, with four 
stamens, two long and two short. Most of them abound in aromatic volatile, 
oil ; many are used as grateful condiments ; others find application in medi- 
cine. Ex., Mint {Mentha); Balm (Me^sa officinalis); Rosemary {Ros- 
marinus officinalis) i Thyme [Ifiynius); Wild marjoram {Origanum vulgare); 
Sweet marjoram {Origanum majorana); Basil (Ocymum); Hyssop (Hy$$(^s 
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officimlis); Sage {Salvia officinalis) ; Savomy {Satureia) ; Lavender {Lavendula 
vera)j &c. &c. Among the non-aromatic plants of this order we will only 
mention the Dead nettle {Lamium album). 

Subclass IV. MoNOCHLAMYDE-ffi. (One-cloaked.) 

Section A. Angiospermoe. (Seed contained in an ovary.) 

160. Chenopodiace^, the Goosefoot family. On the sea-shore, and in 
the vicinity of saline springs, we find the Salt plants {Holophytcs)^ but more 
especially the species Salsola and Salicomia, which yield soda upon their com- 
bustion, and which were formerly of much greater importance than they are 
now, when we derive most of the soda we want from common salt. (See 
Chemistry, § 73.) The various species of Goosefoot {Chenopodium\ grow 
freely on rubbish heaps. Many of the plants of this order are used as 
esculent pot herbs, as e. g. Spinage (Spinacea oleracea)^ Garden orach 
{Atriplex hortensis). Highly important, in an agricultural and economical 
point of view, are the several varieties of Beet {Beta)^ as the Beet root, and 
the Field-beet or Mangold-wurzel {Beta campestris). 

161. PoLYGONACEiB, the Buckivheat family. The fruit of the Buckwheat, 
{Polygonum fagopyvmi, or Fagopyrum esculentum), and of other species of 
buckwheat is used for food. Buckwheat is cultivated in some northern 
countries, where it grows on the very poorest soil. The plants of the genus 
soirel or dock, contain oxalic acid, as e.g. the Wood sorrel {Oxalis acetosdla), 
the common sorrel (Bunwx acetosa), the Field soirel {Rumex acdosella), 
&c. One of the most important of the order is the famous Rhubarb plant 
{Rheum), which grows on the Altai mountains, in Siberia, Thibet, North of 
China, and on the Himalayan range. Khubarb is one of our most valuable 
medicinal agents ; it comes to us chiefly through Russia. 

162. LAURACEiE, the Laurel family. The plants of this family are 
chiefly natives of the tropical regions of Asia and America. Most of them 
are aromatic and fragrant. Examples — the true Cinnamon tree {Lauras 
Cinnarrwmwn), the bark of which constitutes the fine Ceylon cinnamon of 
commerce ; and the Cassia tree {Laurus Cassia), which supplies the Cassia 
lignea, or Cassia bark of commerce. Cinnamon oil is prepared from the 
former. Cassia oil from the latter. The Victor's laurel (Laurus mbilis), not 
only supplies wreaths for conquerors and poets, but its leaves serve as 
grateful condiments, and the concrete green oil expressed from the berries 
(the oil of bays), is used in medicine. The Camphor tree [Laurus camphora), 
furnishes the camphor, which is extensively used in medicine, and as a 
preservative against the ravages of moths and other insects. 

163. Myristice-®, the Nutmeg family. The most important plant of the 
order is the Nutmeg tree {Myristica ojfficinalis seu nwschata), which furnishes 
the nutmeg (the fruit), and the mace (the arillus, or additional covering to 
the seed). By expression, nutmegs are made to yield a concrete oil, caRed 
Adeps myristicce. The beautiful Tulip tree {Liviodendron tulipifera), is, by 
some botanists, classed with the Myristicece, by others, and perhaps with 
greater reason, with the Magnolia family. 

1 64. TnYMELiEACEiE, the Daphne family. The most common plants of 
the order are the Spurge lawrd (Daphne hureoki), and the Mezereon {D. 
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Mezereum), The bark of the Daphne plant is acrid and irritant; when 
«*ipplied externally, it acts as a vesicant. The beautiful peach-colored 
llower of Mezereon makes its appearance as early as March. 

165. AniSTOLOCHiACEiE, the Birthwort family. The plants of tins 
order are generally bitter, tonic, and stimulant ; some are acrid. Many of 
them are climbers. Some serve as ornamental plants, as e.g. the Pipe tree 
(^Arisf.oloc1iia Sipho), with large cordate leaves, and pipe-bowl shaped 
flowers ; the Virginian snaJeeroot (^Aristolochia serpentaria)^ and the Hazel 
wort {Asarum Europoeam)^ are used in medicine. 

166. EuPnottBTACEAi:, the Spurge family. With few exceptions, the 
numerous plants belonging to this order contain a juice which, applied to 
the skin, is caustic and vesicant, and taken internally, acts as a strong 
poison. The most familiarly known species of the order is the Spurge 
{Euphorbia). The root of the Manchineel {Hippomane mamhinelld)., is 
highly poisonous in the raw state, but is rendered perfectly innocuous and 
eatable by boiling or roasting. The same is the case with the root of the 
Cassava or Manioc plant (Janiplia manihot). The starch procured from 
these two roots is the Tapioca of commerce ; in the West Indies it forms a 
staple article in the dietary of the negroes. 

Croton oU, one of the most violent drastics known, is obtained by expres- 
sion from the seeds ol* Tiglium croton. The well-known mild purgative. 
Castor oil, is expressed from the seeds ol Ricinus communis {Palma ^ridi). 
The wood of the Box-tree {Buxus sempervirens), is much used for wood- 
iingraving, on account of its superior density and hardness. The milky sap 
of several American trees of this order, and more particularly of Siphonia 
elastica, contains much caoutchouc, and supplies the bottle India-rubber. 

167. Urticace^, the Nettle family. Many of the plants of this order 
supply valuable fibres for textile fabrics, as e.g. the Hemp plant { Cannabis 
saliva), of which the seeds yield also a greenish oil; the Stinging nettle 
{Urtica), the fibrous bark of which is made into nettle cloth. The pain 
caused by the stinging hairs of the nettles of our climate is as nothing com- 
pared to the fearful effects produced by some of the East Indian species of 
this plant. The Hop plant {Humidus lupvlus), contains a bitter aromatic 
principle, which imparts to beer its grateful flavour. The hemp plant also 
contains a slightly aromatic, but at the same time narcotic principle ; the 
variety Cannabis Indica is used in India to produce intoxication. One of 
our most useful trees, the English or small-leaved Elm (Ulmus campestris), 
belongs to the nettle ilimily. 

Many plants of the Artocarpece or Bread fmit tribe, a distinct section of 
the nettle family, produce amylaceous fruit, which constitutes an important 
article of food in tropical countries ; the most important tree of this tribe is 
the Artocarpus incisa, or Bread-fruit tree of the South Sea Islands. 

The Fig-tree {Fkm carka), and the Mulberry-tree {Morus nigra), of the 
suborder Morem {Mutheny tribe), are highly prized for their delicious fruit. 

Many of the Morece and Artocarpece contain a milky juice, which in 
some of them is bland and of agreeable flavour, and is used as a substi- 
tute for milk. This is the case, for instance, with the juice of the CovHret 
{Galactatendron utile). The juice of some others, on the contrary^ is highly 
acrid and poisonous, as that of the Anliaris toxicaria, the source of the 
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famous Javanese, poison, called Bohun-Upaa^ or Upa^-Aritiar, The milky 
juice of many of the Artocarpus tribe supplies caoutchouc, and so equally 
does that of several species of FkuSj as c.g. Ficus dastica, F. Badtiaf F. 
dliptica, F, prinoides, 

168. Piper ACE-2E, the Pepper family. The plants of this order are 
natives of the hottest quarters of the globe, more particularly of the East 
and West Indies, and of South America. The dried unripe fruit of the 
Pej^eTT-tree (^Piper nigrum) constitutes the black; the ripe fruit, deprived 
of its outer fleshy covering, by washing, the white pepper of the shoi)s. 
The betel leaves, mentioned § 181, come from a plant of Ais family, the 
Betd pepper (Piper bdet). 

169. Amentaceae, the CatJdn-bearing family. The plants of this exten- 
sive order constitute, together with the Cmiferce^ the principal bulk of our 
woods and forests ; they supply us with fuel, and yield valuable timber. 
Among them we find the majestic Oak {Quercus robur\ the symbol of 
Saxon vigour and firmness; the slender Beech (JJ'agm sylraticd)^ the 
Birch {Betiila\ the Alder (^Alnus glutinosa\ and the Ha^l (Corylus 
awdlana). The seeds are either oleaginous, as in the beech and hazel ; or 
amylaceous, as in the Edible or Spanish chesnut (Castanea vesca\ and in 
the oak ; the seeds of the latter, however, the acorns, contain also tannin, 
which renders them unfit for food. 

The bark of these trees contains tannin^ and a bitter principle, which 
abounds more particularly in the willow tribe, and is on that account called 
Salicin. 

We have still to mention here the Poplar (Popuhis)^ with its varieties, 
the Abde {Popidus alba), the Aspen {Populus tremvla), &c.; and the Wax 
myrtle, Bay myrtle, or Candleherry (M^yrica cerfera), the fruit of which 
yields a greenish-colored wax, which is used for candles. 

Section B. Gymnospermce. (Seeds naked). 

170. CoNiFERTE, the Cone-bearing family. The plants of this family are 
strongly characterised, more particularly by the punctated appearance of the 
woody tissue, and by the usug-lly narrow, rigid or acerose leaves. They 
furnish fuel and valuable timber, and yield various important products, such 
as turpentine, spirit of turpentine, pitch, tar, resin, &c. (Chemistry, § 144.) 

The most familiarly known of the order are the Red pine {Pinus ahies), 
the Silver fir (Abies picea), the Larch (Pinus larix or larix Europoea), the 
Scotch fir (Pinus sylvedris). The seeds of the Cluster pirn (Pinaster 
pinus), and of the Sweet pine (Pinus pinea), taste like almonds, with a 
slight flavor of turpentine. The Cedar (Cedrus), the Cypress (Oupressus), 
the Yew (Taocus), and the Juniper (Juniperus), belong also to this order. 

Class II. Monocotyledones. 

The plants belonging to this great class have a cellular and vascular sys- 
tem, the latter consisting partly of elastic spiral vessels. The leaves are 
parallel-veined, except in the first subclass (Dictyogenm), where there is an 
approach to reticulation ; the embryo has one cotyledon. 
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Subclass I. DiCTYOGENiE. (Net-producing.) 

171. DiosCOBEACEiE, the Yam tribe. The various species of dioscorea 
produce the tubers called yams, which serve in warm countries as a substi- 
tute for the potnio. 


Subclass XL Petaloideac. 

A. Perianth adherent^ ovary inferior^ flowers usually heimaplirodite. 

172. ORCiiiDEACEiE, the Orchis family. The tuberous roots of some 
species of orchis yield a nutritious substance called Saleji, which, boiled 
with water or milk, forms an excellent article of food for invalids. The 
beautiful llowers of Orchis mascula, O. militarise and others, adorn our 
meadows. The beautiful Lady's-slipper (Cipripedium) is more rarely seen. 
To this order belongs also the Vanilla plant, (comprising Vanilla planifoliae 
claviculata, and other species), a native of Mexico, and the fleshy pod-like 
fruit of which constitutes that most delicious of all aromas, vanilla. The 
parasitic orchids of the warm regions of America are among the most charm- 
ing and most curious ornaments of our conservatories, from the singular 
forms of their flowers, and the beauty of their colors. 

173. ZiNoinERACEA:, or ScitaminevE, the Ginger family. Natives of warm 
regions, with aromatic stimulant properties residing chiefly in their roots 
and seeds. Ex., Ginger {Zingiber oflidnalis or Amomwn Zwgiber)^ a native 
of the East and West Indies: Curcuma longa, a native of Eastern Asia — 
this plant furnishes tlic turmeric of commerce; Amomum cardaniomume and 
other species oH Amomunie Elcttariae and Renealmia, furnish the various sorts 
of cardamoms of the shops. 

1 74. MARANTACEiE or CANNACEiE, the A vroio-root famUy. The tuberous 
rhizomata of Maranta arundmacea and M. Mica supply the well-known 
arrow-root of commerce. 

175. Musacear, the Banana family. Tlicre is not unfrequcutly seen in 
hot-houses a palm-iike plant with gigantic leaves : this is the Pisang banana 
or Plantain-tree {Mvsa paradisaica), a plant of the greatest value to the 
inhabitants of the torrid regions of Asia and America, where its fruit, the 
l)lantain or banana, serves the same end as the various kinds of grain, the 
potjito, the date-palm, «&:c. do in other countries. The same extent of ground 
which, planted with wheat, would feed two persons, will, planted with the 
pisang, supply food sufficient for fifty people. Tlic gigantic leaves, which 
attain a length of from eight to ten feet, are also turned to various uses. 
'J'hc young shoots of the banana furnish a culinary vegetable. The woody 
tissue of many species of musa is tui’ned to manufacturing uses in warm 
climates, as, e. g. the fibre of Musa textiliSj which is made into fine muslins 
in India. Urania speciosa, or Ravenokke is the water-tree of the Dutch, sc> 
called on account of the great quantity of water which flows from its stem 
or leaf-stalk when cut across. 

176. Iridaceas, the Ins family. The yellow and the blue flag (Iris 
pseudacorus and L geimianica), and the dtvarfflag (Iris pumila), are among 
the fairest llowers of our gardens ; these plants have bulbous roots. The 
root-stock oi Iris florentinae a native of southern Europe, and more especially 
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of Tuscany, yields the well-known oms-rooi, which has the agreeable smell 
of the violet, and is used in perfumery and tooth-powders, and also to im^ 
part a pleasant odor to the breath. The stigmata of the Saffron-plant 
(Crocus sativUs) constitute the coloring matter ^led saffron^ which is also 
used medicinally. 

177. AMAKYLLiDACEiE, Xhoi AmoryUis family^ This order comprises many 
of our ornamental garden plants, as, e.g, the Daffodil {Narcissus pseudo- 
narcissus)^ the Jonquil {Narcissus Jonquilla), the Narcissus poetica, &c. The 
Snow-drop {Galantkas\ the Snow-Jlake (Leucojwn), the splendid exotic 
Arnaiyllts, and the Ameincan aloe {Agave Americand)^ belong also to this 
order. The latter plant attains a great age — some say a hundred years — 
before it puts forth flowers ; but the inflorescence proceeds then with great 
rapidity and vigor, a flower-stalk being produced from twenty to thirty feet 
high, and covered with thousands of blossoms : after this inflorescence the 
plant dies. 

178. BnoMBLiACEiE, the Pine-appk family. The Pine-apple plant (Ana- 
nassa saliva or Bromelia ananas\ the pine of our hot-houses, is a native of 
South America. The fruit, the well-known pine-apple or ananas, which is 
more or less acid in the wild state, has been brought to a high state of 
perfection by cultivation. It is highly aromatic, and has a delicious rich 
strawberry flavor. 

B. Perianth free^ ovary supanor, flower usually hermaphrodite. 

179. LiLiACEiR, the Lily family. Most of the plants of this extensive 
order have bulbs or tubers. The plants of the Onion tribe, which belongs 
to it, abound in mucilage, and contain a sulphuretted hydrogen oil of 
penetrating odor, and possessed of stimulating and irritant properties. The 
bulb of Allium sativum, garlic, is used as an irritant, stimulant, and diuretic, 
and also as a culinary condiment. The onion {Allium cepa), the Leek 
(Allium porrurri), the Shallot {Allium ascalonicum), the Chive {Allium schaeno- 
prasum), the llocamhole {Allium scorodoprasum), are used both medicinally 
and as articles of diet. Among the plants of this order that are prized for 
their showy flowers may be mentioned: the Star of Bethlehem {Omitho- 
galum) ; the Cluster-flowered or C4rape hyacinth {Muscati) ; the common cul- 
tivated Hyacinth (Hyacinthus oHentalis), originally imported from the East ; 
the lulip {Tulipa) ; the magnificent White lily {Lilium catulidum), originally 
brought from Palestine ; the Martagon lily, or Turban, or TurPs cap {Li- 
lixim martagon) ; the stately but poisonous Crown-impcmd {Fritillaria impen- 
alis) ; the luberose {Polyanthus tuherosus) ; and many more. The charming 
TMy of the Valley {Convallaria inajalis), belongs also to this order; and the 
Asparagus {Asparagus officinalis), which grows wild in sandy soils, and when 
well manured with nitrogenous matters, supplies one of the greatest luxuries 
of the table. 

The Scilla or Sqilla rnantima supplies the oflTicinal squill, which is used 
medicinally as an emetic^ expectorant, diaphoretic, and diuretic. The bitter 
drug aloes, which is used medicinally as a cathartic, is the inspissated juice 
of various species of ahe {Aloe qncata, vulgaris, socotrina, &c.). The New 
Zealand flax {Phonnium teuax), supplies most tenacious fibres, which are 
used for net-work. 
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180. Melantiiace^, the ColcMcum family. The plants of this order 
have, in general, poisonous properties* The most important medicinal plants 
of the order are: the Meadow saffron or Autumn crocus {Colchicum autum- 
nale\ and the White Hellebore {Veratrum album,) 

181. PALMiB, the Palm tribe. These gigantic monocotyledons attain 
sometimes a height of nearly two hundred feet. Tlieir long, straight stems, 
adorned at the top with clusters of large and broad arching l^ves, impart 
a singularly imposing aspect to the landscape of the tropical regions where 
they grow. Linn30us calls tiliem the princes of* the vegetable kingdom, and 
they are the symbol of peace. Their uses are various and extensive. In 
the countries in which they grow they supply food for the people, and 
materials for the construction of their habitations ; the fibres serve for the 
making of ropes ; the reticulum surrounding their leaves is sometimes made 
into brushes ; many supply oil, wax, amylaceous matter, and sugar, which 
latter, when fermented, yields an intoxicating beverage. Among the most 
important of the order we may mention : the (kiXe-iialm [Phoenix dactylifera) ; 
the Coco-nut palm {Cocos nuciferci)^ one of the most useful of the family; 
the various species of Sago-palms (Sagus Icevis or inermis^ S, farinifera, Cayota 
urens^ Saguerus saccharifei*\ which supply the sago of commerce. Palm- 
wine is procured from Cayota urens^ and other palms. The terminal buds 
of the Cabbage-palm {Euterpe montana), are used as culinary vegetables; and 
so are also the terminal buds of the coco-nut palm. The palms of the coco- 
nut tribe yield a fatty substance, and the yellowish-red, violet-scented palm- 
oil. The palm-oil imported from the west coast of Africa is obtained by 
bruising the fruit of Elais guineensis and melanococca. The betel-nut is the 
product of the Arecapalm (Areca catechu); it contains tannin, and forms an 
ingredient in the Eastern masticatory called or betle^ and which seems 
to owe its stimulant properties to the leaves of the Piper bctle. (Sec § 168.) 

182. Alismageas, the Water-plantain family, A small family of plants 
growing in flowing or stagnant water, and consisting chiefly of the genus 
Water-plantain {Alismd)^ and the arrow head {Sagittand)^ so called from its 
large arrow-shaped leaves. 

C. Floivem incomplete,^ often unisexual,, without a proper lyenanth,, or with a 
feu? verticiUate scales. 

183. Araceac, the Arum family. In the plants belonging to this family 
the flowers are usually arriinged on a spadix (§ 67 ). The large cornet- 
shaped Ilower of the common Cuckoo-pint, or Wake-robin {Arum maadatum), 
disengages a perceptible amount of caloric. The root-stock of the Sweet-flag 
{Acorus ealainiis) has an acrid bitter taste, and an aromatic odor; it is used 
sometimes in medicine as a tonic and stimulant. The CaUa, a native of 
Africa, is extensively cultivated in our hot-houses, on account. of its large 
pure white Ilower. The Great reed mace {Typha latifolia), and the Bur-reed 
(Sparganium), with its prickly fruit, are found in ditches and ponds, and by 
thfe sides of rivers, lakes, and brooks. The broad leaves of the Great reed 
mace are used by coopers to caulk the interstices between the staves of casks. 

Subclass III. Glumaceac. 

184. Cyperaceje, the Sedge family. To this family belong the Cances, 



4G6 


BOTANY. 


characterised by their solid, non-jointcd, angular, creeping stein, and wliicli 
often serve to bind together the loose sand on the sea-shore ; tliey arc not 
fit food for cattle, and will generally disappear when the land is properly 
drained and manured with ashes. Tlie various kinds of rush {Sctrjms)^ 
which are used chieP.y for making cliair bottoms, and the Cotton-yi'ass 
{Enophonnn\ belong also to this family. 

185. GRAMiNEiR, tlie Grass famili/. One of the most extensive, and at 
the same time, most important orders in tlie vegetable kingdom ; one great; 
section of it supplying herbage for animals, another food for man. Among 
the former maybe mentioned: — Hair-grass (Aira flexuosa) ; Meadow-grass 
(Poa pratensis) : Fescue -grass (^Festiira 27ratensis); Timothy-grass (JPhleum 
pratense); Meadow fux-tail {Alopeeurns pratensis); Sweet vernal grass {An- 
thoxantlmm odoratwn) ; Pye- grass (J^olium perenne) ; Heath-grass {Melica) ; 
Brume-grass {Bromus racemosus and B. mollis) ; Jknt-grass {Agrostis); Cocks- 
foot grass {Dactylis glomeraia); and tlie elegant lottrr-grass, or quaking- 
grass CBriza media.) 

All the pasture? grasses are Silica and Potassa plants 1)8), and require 
manuring with Potassa (Ashes) and an abundant supply of water to effect 
the solution of the Silica in tlie soil. 

In another section of the grasses the seeds abound in amylaceous matter, 
fibrine, and pliosphatc of lime, and are therefore singularly adapted to afford 
sustenance to man. The plants of this section are comprised under the 
general name of corn^ cereal grasses, or cereals. Culture has not only perfected 
their seeds or grains, but has created also a number of varieties. Agricul - 
ture is coeval with the history of our globe. To tliis division belong Wheat 
(Triticinn); Rye {Secale): Oats (Arena): Barley (Hordeum) ; Rice (Oryza), 
which thrives best in marshy regions, and constitutes the principal article of 
food in India and Cliina ; j)faize (^ea\ grown principally in America ; 
Guinea-corn and Millet [Sorghum and Panicum.) 

The following also belong to the extensive order of grasses : — Phalaris 
canariensis, which supplies the common canary seed ; Darnel-grass [Loliam, 
temulentuiii\ whicli possesses poisonous narcotic properties ; Reed (Arumlo 
Phragmitis); Spanish Reed (Arujido dona.c)y which is extensively used for 
wicker-work; Bamboo (Bamhusa arundinacea)^ a large articulated reed, 
which grows as thick as a man’s arm, and is, from its strength and lightness, 
suitable for building. But one of the most valuable grasses is the sugar-cane 
(Saccharum officinarum and its varieties), a native of the East Indies, l)ut 
now widely spread over various parts of the world, and which supplies us 
with sugar, treacle, and rum. The work in the sugar plantations, in the 
marshy tracts of the tropical regions, is of the most severe description, and 
most injurious and destructive to the health of those engaged in it. 

Sp:ction II. CRYPTOGAMOUS PLANTS. (Organs of reproduction 
inconspicuous.) 

Acotyledons. 

186. Wc have already designated the acotyledons as plants having no 
conspicuous flower, and accordingly no actual fruit or seed. Their propaga- 
tion is effected by means of extremely minute germinating bodies, called 
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spores. The individual spores are oflen impalpably minute, and are thus 
readily wafted about and diffused wherever the air has free access ; we need 
not marvel, therefore, to see plants of this class spring up, as it were, spon- 
taneously. 

llie spores are aggregated together in so-called sori, ie. clusters of thecce 
or spore cases, on the under surface of the fronds or leaves, as in the ferns; or 
they are enclosed in cases, mostly provided with an operculum or lid, as in 
the Mosses. 

In the more perfectly developed acotyledons, in the ferns for instance, 
organs have recently been detected, corresponding to the stamens and pistil of 
perfect (pluinerogamous) plants. A most remarkable fact is that the spores 
of these plants present on their surface filaments, or vibratile cilia^ by means 
of which they move about in fluids, like some of the infusoria. 

SnhcloLSS I. Aorooen.® (Summit producing), or 
CoRMOGENiE. (Stalk producing.) 

187. Acotyledons having usually distinct stems and leaves, stomata, a 
certain amount of vascular tissue, and thecie, or cases containing spores. 

188. EQuiSETACEiE, the Horse-tail family. These plants, which are com- 
mon on sandy fields, in woods, and marshy tracts, abound in silica, which 
impart to them the properties of a file, and adapt them for use in polishing 
mahogany and otlier woods. (See § 86.) Wlien burnt with proper caution 
they leave a perfect skeleton ci* white silica. 

189. Filices, the Fern family. A rather extensive order of plants, which 
in external appearance considerably approach the peifect (phanerogamous) 
plants. The most conspicuous part of these plants are the leaves or fronds^ 
which have a circinate (gyrate) variation, and arc beautifully incised at the 
margin ; on the under surface they bear clusters of thecce^ which are called 
son. 

In our forests we frequently meet with the Eayle-fem (Pteris aquilina) ; 
the Male-shield-fern (Aspidium filix mas, or Lastrea fiUx mas)^ which is used 
as a vermifuge, more particularly against the tape-worm. The beautiful 
Ladfs hair (Adiantum Capillus Veneris\ and Maiden hair (AspUniumf 
grow on rocks, and old brick-walls, &c. 

The tree-ferns of the South Sea Islands, attain a height of from fifty to 
sixty feet. That the flora of former ages was rich in gigantic ferns, has been 
mentioned already in the mineralogical part. (See § 1 14.) 

190. Lycopodiace.®, the Club-moss family. Moss-like plants intermediate 
between ferns and mosses ; they abound in warm, moist, insular climates. 
'Ihe thecae contain a light yellow, very minute, and highly inflammable 
powder, which has been used as a substitute for sulphur, under the name of 
Lycopode^ or vegetable brimstone. It is used £ilso to cover pills to protect 
them from moisture. 

191. Musci, the Moss family. Pretty little plants, erect or creeping, 
terrestrial or aquatic, found in all moist countries, from the arctic to 
the antarctic regions. They are useful in various ways, but principally 
in the dry state, when they afford material for stuffing mattresses, pillows, 
cushions, &c. One of the most remarkable of them is the Turf moss 
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{Sphagnum)^ the principal ingredient in the turf beds. (See Chemistry, 

§ 1663 - 

Suhdass 11. TuALLOOENiE (Green leaf producing), or Cellulakes. 

192. Acotyledons, composed entirely of cellular tissue, having no distinct 
axis, nor leaves, nor stomata ; propagated by means of spores, ^vluch art* 
often enclosed in asci. 

193. Licheneb, the Lichen family. Plants forming a tliallus, which is 
tnther foliaceous, crustaccous, or pulverulent ; they are found in all (juarters 
of the globe, adhering to stones, rocks, trees. &c. 

CetTaria Islandica, commonly called Iceland moss, enjoys some reputa- 
tion in pulmonary diseases. The Cladonia rangiferina decks the ground in 
the far distant North, where it alFords food to the reindeer. The (Jyrophora 
(Tripe de roche), the Sticta pidmonaria, and many otlier species of Lichens, 
furnish articles of food. From the Lecanora, which grows in Sweden, the 
Litmus coloi' is produced ; from the Lecanora tarlarcay the Cudbear dye ; 
and from the Roccella tinctoria of the Canaries, and the Roccella fuciformis, 
the Orchil or Archil. 

194. FuN(fi, the Mushroom family. To this extensive order belong the 
various moulds wdiich settle on bread, cheese, preserv(?s, fruits, books, Sec. ; 
viewed through the microscope, they present most varied and elegant 
forms. Tlio larger fungi are called Mudirooms; they, but more especially 
the poisonous species of them, abound in thick shady woods, on wet ground; 
the edible species grow more in meadow^s, in dry pastures, and not in the 
shade ; and also on trees, as e.g. the Gyttaria Darwinii, a globular fungus of 
a bright yellow color, found on the bark of the beech in Terra del l^iogo, 
where it forms a staple article of food. The rapid growth of mushrooms 
has become proverbial. Of the thousands of genera and species belonging 
to this extensive order we mention here only u few, such as the Agarics, 
with their delicate lamella? or gills radiating from the centre, on the under 
surface of the pileus, and of which the best known edible varieties are — 
the Common mushroom {Agaricus campestris), Agaiicus Gcorgii, Morchella 
escMfento, and other species of Morel; Truffle {tuber cibanum); Agariciis 
prumdus, said to be the finest. Numerous species of fungi are poisonous, 
as e.g. the beautiful scarlet-colored, white spotted Fly mushroom (Agaricu^ 
amanita or Amanita muscaria). It is not easy to distinguish between 
edible and poisonous fungi. It is a remarkcible fact tliat the poisonous 
fungi of warmer regions lose their poisonous properties in colder climates. 
The forests of the Ukraine are covered with fungi, which are eaten indis- 
criminately, and constitute, in fact, a staple article of food. 

The Sporous fungi (Boletus), have, on the lower side, nurncjrous perfora- 
tions or pores; some of them are edible, others poisonous. The Polyporus 
fomentarius, wliich grows mostly on trees, form amadou or German tinder, 
and is occasionally made into razor straps, as is also the Polyporus betuUnvs, 
The white and intensely bitter fungus of the larch is employed as a cattle 
medicine. Many fungi which are generated in moist wood become highly 
dangerous to building.s, &c. from the rapidity with which they spread and 
carry destruction through the entire mass of the wood. An application of 
dilute sulphuric acid to the diseased wood will, in many cases, stay the 
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farther progress of this destructive plague. (Chemistry, § 106). Steeping 
the wood in a solution of corrosive sublimate is considered an efficient pre- 
servative against the attacks of fungus ; this jjrocess is called kyanizing the 
wood. A more recently discovered process is the injection of certain anti- 
septic substances into the porous parts of the wood. 

105. Alg^, the Sea-wced family. Cellular plants, widely distributed 
over the globe, found hi fresh water and salt water, on damp rocks and 
stones, and even in hot springs. Some of them, of microscopic size, con- 
sist only of one single cell. Sometimes they present collectively the appear- 
ance of green slime. In many of them the cellular integument abounds in 
silica to an extent to impart quasi-crystalline appearance and stiffness to 
them. These constitute a separate subdivision — the DiaJtomacece ; they 
abound in our stagnant waters and pools ; we not rarely find fresh water 
deposits of their silicious skeletons, dating from former periods of the 
earth’s history. The numberless dead bodies of Dialomacece are now pro- 
ducing, in the South Arctic Ocean, a submarine deposit, consisting entirely 
of the silicious particles whirdi entered into tlie composition of these plants. 

The Water flannel {Conferva cris^)a\ forms beds of entangled filaments 
on the surface of water. 

However, the more important Algm are the numerous marine plants 
known under the name of Tangle (Fucus)^ and of which the ashes (Kelp 
and Barilla) abound in Iodide of Sodium, and are accordingly used for the 
production of Iodine. (Chemistry, § 38.) The gigantic fuci of the South 
Seas arc reported by navigators to be from 500 to 1,500 feet in length, and 
to afford food and shelter to many thousands of marine animals. 

The Carragheen or Irish moss {Sphcerococcus or Chondrus crispus)^ sup- 
plies a nutritious arlicdo of diet, and is given jUso in pulmonary diseases, on 
account of the mucilage which U contains. The Corsican moss {Flocaria 
or Gigartina helminthocorton), were formerly used as a vermifuge. 
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1. ZOOLOOY k thfit Ijraricl^ of natural history which treats of animals, that 
is, of those organisoil living beings that, besides the faculties of nutrition 
and reproductio)!. wliicli they sliarc in common with tlie plants, ore endowed 
also with sensation and voluntary motion. In brief terms it may do defined 
as “a ki^nvledgc of ffvv>ials.'' 

Tho animal body 'Ike tljai of the plint, consists of n number of dissimilar 
parts, whicli hav - oath assi^rued to them some fuoctio]! more or less indis- 
pensable for I lie accomplishment of the ends and purposes of the whole. As 
we have already staled in Botany, clie.'^c parts arc called organs. 

The faculty of cohmtary motion enables the animal to change its position 
relatively to sunininding objects, and also the position of its own component 
parts, and this not, a:,, is the ciiso witli certain plants, such as the sensitive 
plant {mimosa pitdica\ for ii stance, under the inlluence of accidental external 
agencies, but from an independent impulse given 1‘rom within. This impulse 
is designated as the iinU of tho animal, and the acts and motions incited 
thereby are accordingly termed voluntary or spontaneous. 

2. The smsdlvG facultj is another of the distinguishing characteristics of 
animals. Every animal seeks instinctively the most favorable conditions for 
the accomplishment of the ends and purples of its being, and not only 
keenly feels the disturbing influence of any hostile external agency, but 
opposes to it the most active and energetic resistance in its power — unlike 
the plant, which submits with patient endurance to any and every treatment 
it may receive by tlic elements, on the part of the animal world, or at the 
hands of man. 

Y 
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The perceptive^ and indeed, we may venture to add, the reflective faculty 
also, is susceptible of no mean development in animals. It is a familiar 
fact, that domestic animals will come to understand the modulations of the 
voice of their master, nay, even his very looks and gestures, and will re- 
gulate their conduct accordingly. 

3. The relative perfection of an animal is in proportion to the number of 
its component organs, and to the variety and complexity of their structure. 
At the bottom of the scale we have animals consisting of one single organ, 
and approaching as closely as can be the simple vegetable cell. At the top, 
we have animals consisting of a great number and variety of marvellously 

. complex organs. 

Hence, a proper knowledge of the body of an animal can be attained only 
through the study of the organs composing it. Now, as man is the most 
perfect of animals, the contemplation and study of the organs composing the 
. kiunan hody^ must, of course, necessarily lead also to the knowledge of all 
the organs that occur in the bodies of the animals of all classes ; and the com- 
parison of the body of any given animal with that of man, will thus enable 
us to judge of the degree of perfection belonging to the former. 

Besides, our own body is under our continual observation, and not alone 
are we familiar from infancy with its form and shape, but we can more readily 
form clear notions respecting many of the inner functions, than we could pos- 
sibly derive from the contemplation of other animal bodies. Therefore, in 
commencing with the human body, and comparing this afterwards with the 
bodies of the various animals, we shall truly follow the natural way of inves- 
tigation, viz., to proceed from the known to the unknown. 

4. We divide the domain of Zoology into two principal sections. I'he 
first section treats of the organs and their functions ; the second of the 
description, classification, and denominations of animals. 

I. THE OEGANS AND THEIB FUNCTIONS. 

ANATOMY AND PHYSIOLOGY. 

5. The most superficial view of the human body suffices to show the diver- 
sity of its several component parts in /om and substance, in situation, and in 
functional pwposes. In reference to form and substance, what we perceive 
first is, that the human body consists partly of fluid, partly of solid matter. 
The fluid constituents of the body are either absorbed by the solid parts, or 
are enclosed by them, and have different denominations applied to them, 
according to their respective nature and condition. To the solid parts of 
the animal body we apply the general term “ tissue,^' though it must be 
admitted that hardly any of the so-called tissues bear the remotest resem- 
blance to what is otherwise generally understood by the term tissue. 

6. Microscopic examination shows that the divers organs of the plant are 
all of them simply modifications of the cell ; but the case is very different 
with the organs of the animal ; in the latter we observe at least fmr distinct 
primary tissues, occurring either separately or in combination, and presenting 
no transition from one to the other, such as we see in the plant — for instance, 
in the merging of the cellular into the vascular tissue, (See Botany, § 14.) 
This greater diversity of the primary tissues is in itself a proof of the higher 
organisation of the animal body, as compared to that of the plant. 
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The four primary tissues of the animal organism are, the cellular tisme^ 
the muscular fihre^ the nervous fihre^ and the osseous tissue. 

7. Thus, a part of the animal tissues consists of celk, that is, of perfectly 
closed microscopic vesicles, with different contents. The walls of the cells 
in the epidermis, and the fine coats of mucous membranes, are formed of a 
horny substance. The fat consists of an aggregation of minute vesicles 
formed of albuminous matter, and filled with ^ipose substance. Cells 
containing colored granules, form the pigmentary matter which imparts 
the different colors to the skins of animals. 

Cells are also lodged in the mass of other tissues, as e.g. in the cartila- 
ginous substance of many bones, dec. 

Another series of tissues consists of very fine cylindrical filaments or 
fibres, which, interlacing, form most of the mucous membranes, the capsular 
ligaments of the joints, &c. 

8. The musel^ of animals consist of flat fibres of two different kinds ; one 
set being marked by transverse lines, or striae, upon the surface ; the other by 
globular or oval bodies, called nuclei. The former set of fibres are found in 
the red muscles of the trunk and extremities, in the heart, &c. ; the latter 
in the alimentary canal, &c. 

9. The nerves and the white substance constituting the brain and the 
spinal chord, consist of another kind of fibre, formed by a homogeneous 
pellucid coat, which encloses an oily matter. In the gray mass of the 
nervous system we find cellular bodies of a peculiar kind, the so-called 
ganglia, 

10. The hones of animals consist of a laminate mass, in which the spindle- 
shaped osseous corpuscles are imbedded. The osseous mass is traversed 
in every direction by a complete net-work of minute channels filled with 
marrow. The outer coat or enamel of the teeth presents the same structure 
as the other bones, but is formed of peculiar and most intimately interlaced 
prismatic fibres. The inner dense substance of the tooth consists of a uniform 
nearly fibrous mass, traversed by a system of microscopic tubes or channels, 
the so-called dental channels. 

11. We speak of the rdative position of the different parts of the body 
only in so far as the division of the corporeal mass into several great sections, 
both externally and internally, is concerned. 

Tlie great outer mass of the body is called the trunk; and from this pro- 
ceed four branches, called the extremities or limbs. The Imd forms another 
distinct part of the body ; in man it occupies the highest^ in the animals the 
foremost position. In the other classes of animals we find the utmost variety 
if as regards the number of extremities ; in some there are a multitude of 
' limbs, others lack them altogether. 

The upper part of the trunk is called the thorax or ch^t; the lower, ab- 
domen or belly. If we open the trunk, we find that the interior presents 
a?cavity completely filled up with certain organs, which we designate as the 
/VMcerg, 

The cavity of the trunk is separated by a strong membrane called the 
diaphragm or midriff] into the thoracic cavity^ or cavity of the chesty and the 
abaSmtaT cavity. ,ln the former are placed the lungs^ with the trachea^ and 
the /eear^, with Wia pHncipal arteries.^ The abdominal cavity, which !s the 
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larger of the two, contains the stomachy the intestines^ the Uver^ the spleen^ 
the kid^ieys^ and the bladder. 

12. The classification of the organs is based entirely upon their respective 
functional 2)urposes^ and is altogether independent of their form, substance, 
structure, or position. We divide, accordingly, the organs of the body into 
-el. Organs of motion; 2. Organs of digestion and nutrition^ circulation and 
rhpiration; 3. Organs of the senses'^ 

A number of organs of the same or of different kinds, co-operating in the 
performance of a common function, arc called a system ; it is in this sense 
that we speak of the osseous system, the digestive system, the circulatory 
system, the generative system. 

1. ORGANS OF JktOTION. 

13. The ^noiacy ey^t^ is constituted by three different sets of organs 
acting in coinBinatiOh with each other, viz. : 1. the bones; 2. the muscles; 3. 
the nerves, 

1. THE BONES. 

14. The bones form the solid framework of the body, and the support of 
the muscular and tegunieiitary systems. They serve also to protect the 
most delicate and sensitive of our organs, forming a case for the brain and 
a tube for the spinal marrow. 

The osseous framework of the animal body is cidled also the skeleton. In 
the skeleton we have the ground lines of the structure of the animal, sdl 
other outer parts serving simply as drapery, as it were. The skeleton then 
is, on 's account as well as its durability, the most import ant part to study 
if we wish to acquire a proper insight into the structure of the animal body, 
— -just as, to use a familiar expression, the structure of a roof can be judged 
of only from an examination of the inner framework, and not froni the 
outer covering of it. 

15. The bones consist of organic tissue, in which phosphate and carbonate 
of lime are deposited.. (Chemistry, § 51.) QOO lbs. of fresh bones contain 33 
lbs. of animal tissue, which may be extracted by boiling, in the form of glue 
or. gelatine; the remainder of the weight is made up of 58 lbs. of phosphate 
of lime and 9 lbs. of carbonate of limej The gristle of certain fishes, the 
ray, for instance, and the cartilage and cartilaginous parts of bones, contain 
less, and frequently only slight traces of lime, which makes them soft and 
Ilexible. Very hard osseous formations, such as the teeth, contain a larger 
proportion of lime than the other bones. 

For the uses of bones as manure, and in the preparation of glue, bone- 
black, phosphorus, &c., sec Chemistry, § 44 and § 51, and Botany, § 101. 

The osseous framework is divided into bones of the trunks the extremities^ 
and the heod. Fig. 1 represents the complete skeleton of the human body. 

a. Bqi|ss of the Tiiunic. 

16. The most important part of the trunk is the vertd^l^coluimi^ which 

is composed of a series of irregular small bones, called and amount- 

ing, in the human skehjton, tq;^^^; vizi? cervical vertebrae, or vertebrae of 
the neck; 12 dorsal vcrtebraeTo^vertcOTfie of the back; 5 lumbar vertebrae, 
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or vertebrae of tbe loins ; 5 sacral vertebrae, which ^atter are united, forming 
the sacrum ; and 4 coccygeal vertebrae. 

The spine, or vertebral column, being thus composed of a series of separate 
bones, connected together by ligaments and muscles, possesses considerable 
flexibility. The bodies of the single vertebrae, and which oc- 
cupy the anterior part (fig. 2, a), are fiat ; the posterior part is 
formed by the so-called spmotis process (b). On both sides are 
the transverse processes (c), and in the centre there is a perfora- 
tion through which the spinal chord pjisses. Thus, when these 
bones are fitted together, they form a continuous tube, in which 
that important nervous centre is lodged. 

Many animals have fewer vertebral bones than man ; others have a greater 
number. Thug, in snakes we coun t 1^0^ and even more vertebrre. 

17. With the vertebral column are connected tha jibs, which are attached 
in pairs to the bodies and transverse processes of. the twelve dorsal vertebrae, 
so that there are t\ycnty-fqur_of them. The seven upper pairs are longer, 
and are called the true^ xyr pectoraT, or tLo r/icic r^ ; the five lower pairs are 
shorter, and are called the short or abdondnal^^s. The ribs are united 
exteriorly to a long flat bone, called the s teimun^ or breast-bom^ and which 
completes the framework of thie thorax or^cJicst. 



b. Bones op the Extremities or Members. 

18. The members are arranged in pairs ; the two members constituting 
the pair are of exactly the same shape, and of equal development. 

Wc divide tlie members into upper or anterior, and lower or posterior 
members. 

Bones of the upper members . — ^Tho scapula or blade-bone is a large, fiat, 
somewhat triangular-shaped bone, situated at the upper part of the back, 
and connected with the sternum or breast-bone by the clavicle or coUar-bane, 

The blade-bone forms at the point of connection ■with the collar-bone 
a round cavity, in which the head of the humerus or upper arm-bone is 
lodged. The fore- arm is formed of two bones, of^iich the anterior situated 
in the direction of the thumb, is called the r adiu s ; the posterior^ situated in 
the direction of the little finger, the idna. ^ / 

The hand is composed of three parts, viz. the wrist or carpus^ the hand or 
rmteuiarpus^ and the fingers or phalanges (phalanges digitorum). 

The wrist is formed of eight small cube-shaped bones, arranged in two 
lines. These small bones impart to the hand considerable ease and celerity 
of motion, and enable it to bear great and continued exertion. They more 
especially serve, also, to break the shock of sudden and violent collisions ; 
thus, for instance, dropping on the hands will generally considerably lessen 
the severity of a fall. 

The hand consists of five bones of about equal length. 

The thumb has two, each of the four fingers three, bones, one for each 
joint. 

jjThe whole number of bones in the upper extremities is accordingly G4. 

19. Bones of the lower extremities . — ^These bear in number, shapef^d 
position, great analogy to those of the upper^ extremities. The pelvis^ a 
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largo, somewhat bowl or basin-shaped bone, which is posteriorly united with 
the sacrum, constitutes the uppermost portion of the lower mcinl 3 ers. 

The j)elvis consists originally of three distinct bones, whicli afterwards \ 
unite, viz. the hip-bo7i^,Qi ; the sitting-bone or qs ischii ; and the share- * 
bop^ oj> 09 pultis^ ^ ' 

At the point where these three bones unite, they form a deep (3avity or 
socket, in which the head of the thigh-bom o r femur is lodged. The thigh- 
bone is the largest bone in the human body7*i#a4hc lower end of it is 
placed in front a small, ilat, triangular bone, called the knee cap or patella ; 
the tibia or shin-bone^ to which is attached the fibula^ is articulatea'toTKc 
lower end of the femur. 

The foot is, like the hand, composed of three parts, viz., the tarsus^ the 
metatarsus^ and the toes {phalanges digUoriim pedis). 

The tarsus is formed of seven bones, of which one, called the astragalus, 
is articulated to the lower end of the tibia ; behind and beneath this is situ- 
ated the heel-bone {os calcis), and in front of this the navicular bone, and 
the other four tarsal bones in a row. 

The metatarsal bones, and the bones of the toes, correspond in number 
and position to the bones of the hand and lingers. 

The whole number of bones in the lower extremities is accordingly 61. 

c. Bones of the Head. 

20. The bones of the head are more numerous in the child than in the 
adult, as some of them, which were originally separate, unite in the course 
of time ; the joinings or sutures remain, however, always distinctly visible. 

Ill the animal subject the head may g'‘iierally be divided into a posterior 
and anterior part, the former consisting of the skull or crqmw/t, the latter 
of the jaw-bones or maxillce. In the human subject vtS designate tlie 
cranium as the lower part. 

21. The shidl or cranium is formed anteriorly by the frontal-bom, 
posteriorly by the. occipujiy laterally and at the top, by the temporal and 
2)a^rjeM bones, all oTivliich are united by sutures. The occipul has a pro- 
tuberafflSfe^^'and in many animals, a crest, near the top part ; and at the lower 
part an aperture {\\\q foramen magnum), which alfords a passage to the 
so-called medulla oblongata, the connecting link between the brain and the 
spinal chord. Other bones, forming inner parts of the head, and united 
with those already mentioned, are the nape-bone, or os sphenoides, with its 
wings or alai, and the sieve-bone, or os ethmokles ; whilst the vomer ^ the 
/attsaZ-boncs, and the lachrymal-honQS form the foundation or root of the nose. 

22. The •maxillce or jaio-bones form in man the lower, in other animals the 
anterior pari of the head ; they are divided into the upper-jaw {maxilla 
superior), and the low&t' jatv {maxilla inferior). The upper jaw is formed 
by the two superior maxillary bones — (each of whicli may be said again to 
consist of several parts united into one) — ^united in the centre by suture, and 
having on each side two incisor teeth, one canine tooth, and live molar teeth. 

The lower jaw in the human subject is formed of one piece, articulated on 
both sides, to the temporal-bone. Li birds, fishes, and reptiles, the jaws are 
composed of several pieces, which are simply stuck together, as it were. In 
insects the maxillcG are quite separate, and act in the way of pincers. 
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23. The teetli are lodged in the jaws in cavities or sockets, called alveolm. 
We number in the human skull 32 teeth, 16 in the upper and 16 in the 
lower jaw. They are divided into four sorts, viz.j incisors^ four in each jaw, 
and placed in front of the moutli ; canine teeth^ two in each jaw, and placed 
on both sides of the row of incisors ; spurious molars^ or small grinders^ four 
in each jaw, following two and two after the canine tedh ; and true molars^ 
or large grinderSy six in each jaw, and following three and three after the 
small grinders. 

The upper and free portion of the tooth is called tlie crown; the lower 
portions are called respectively the neck and the root The front teetli have a 
single root; the back teeth, a root with two, three, and occasionally four fangs. 

The substance of the teeth is harder than that of the other bones ; the 
outer coat, which is also the hard(ist part, is called enamel. In many 
animals, and more particularly in the herbivorous class, the enamel forms 
only a thin layer over the softer substance of the tooth, and is pretty 
rapidly worn oft’. 

The molars, in the orders rodentia and pachydermatay on the contrary, 
are very durable, composed as they are of alternate plates of enamel and 
ivory, or enamel, bone, and crusta petrosa arranged transversely to the 
jaw. The molars in some animals, as in the beaver, and in the order 
ruminanliay are also very durable, being furnished with layers of cortical 
substance, as well as with ivory and enamel ; the crowns of the molars are 
flatten and they present very much the aspect of a ribbon folded upon 
itself. At the lower end of the dental root there is a small opening, 
through which a blood vessel and a nerve pass, conveying the necessary 
nutriment to the tooth, and imparting sensation to it. 

The perfect development of the dental apparatus in man is accomplished 
at a comparatively late period, some of the large molars making their 
appearance after the age of twenty, and sometimes even much later. The 
first teeth fall out between the sixth and tenth year, and are replaced by 
others ; but the teeth of the second set, if lost, are never replaced. 

Not all animals have the four sorts of teeth we find in man ; many of 
them lack, more especially, the small grinders. ^The canine teeth are often 
enormously enlarged, in wliich condition they are called fangs or tusks. 
The teeth are among the most important characteristics in the higher orders 
of animals, as from their structure, condition, and size, positive inferences 
may be drawn as to the natural economy of the animal, its mode of life, its 
size and age. 

24. The whole number of bones in the adult body is 207. In the infant 
it is greater, as many parts of the osseous system consist, at that period of 
life, of cartilages, which afterwards ossify, several of them uniting to form a 
single bone. The dry clean skeleton of an adult weighs from nine to twelve 
pounds, constituting thus from one-sixteenth to one-eleventh part of the 
whole weight of the body, taking this on an average at about 1 37 lbs. 

25. It is only in the more perfectly developed classes of animals that we 
find bony or cartilaginous cases for the brain and the spinal marrow. The 
presence of the vertebral column affords, therefore, a characteristic mark 
of the higher classes of animals. This has led to the division of the whole 
animal kingdom into two great classes, viz., animals with a vertebral 
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column, and hence called vertehratc animals; and animals lacking that 
osseous or cartilaginous case for the nervous centre, and lienee called inver- 
tehrate animals. To the former belong the mammals {maminalia)^ the birds 
(aves\ the rej)tiles {amphibia)^ and the fishes {pisces); to the latter, the 
cmstaceous animals {crustaccai)^ the insects (insecta), the worms (annelida, 
entozoa, rotifera), the acalepJiae, the zoc^ihytes or polypes, {jt)olypifera\ and 
the infusoria, 

26. The bones are covered with a fine and mostly very sensitive mem- 
brane called the periosteum. The osseous substance is traversed by a 
number of very minute blood vessels, which convey ‘the nutritive matter to 
the bone; but, with the exception of the teeth, the bones have very few 
nerves. The inner mass of the bones is usually less dense than the outer 
coats ; it is often quite porous or spongy, or even presents a complete 
liollow, filled up usually \vith a fatty substance called marrovj. The calcare- 
ous matter in the bones iuercases with age, a proportionate decrease taking 
place, of course, in the gelatinous substance ; this tends to make tlie bones 
more brittle and liable to fracture than they are in youth and manhood. 
In birds nearly all the bones are hollow, and are therefore lighter, with an 
cH|ual volume, than the bones in the mammals. 

The bonc*s are not in immediate contact with each other at the joints, 
but a soft cartilaginous substance intervenes between them. Tlic condyles 
are coated over, and the sockets are lined with exceedingly smooth car- 
tilage ; and over and above this, tlie articulation is kept anointed with the 
synovial fluid, which eficctuady prevents all Iriction between tlie articular 
surfaces. 


2. The Musc les. 

27. The muscles consist of au aggregation of very line contivactile fila- 
ments or fibriis. In 100 parts, by weight, of dried muscidar fibre we find 
54 parts ol' carbon, 7 of hydrogen, 21 of oxygen, 15 of nitrogen, and 
small portions of sulphur, phospliorus, and alkalies (1*1 per cent). The 
fresh muscle contains 77 per cent of water. In the mammals and birds 
the muscles are rod, in the reptiles they present a pale hue, and in the 
fishes they are white. In tlie invertebrate animals the muscles are only 
imperfectly developed, but still they may be distinctly traced, even in the 
lowest orders of tliein. In common parlance the muscles of an animal are 
called the flesh, 

28. The muscles completely invest the bones, with the exception of the 
teeth. As a general rule, muscles are thickened in the middle and attenu- 
ated at the ends ; they are enclosed in a peculiar membrane or sheath, 
which separates them respectively from the contiguous muscles. The thin 
ends of the muscles are remarkably tough; they are called sinews or 
tendo7is, and are always attached to the bones. The muscles are covered 
eitlicr by a layer of iat, of greater or less depth, or immediately by the 
cuticular integuments. Numerous blood-vessels spread through their sub- 
stance, to supply the requisite nutriment ; the muscles receive also many 
motory nerves, but only few nerves of sensation, so that a muscle may be 
cut without much pain being inflicted thereby. 

The connection between the muscles and the bones is always so arranged 
that every muscle is atUiclied to two bones. Thus, for instance, the so- 
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called two-headed brachial muscle is with the upper end attached to the 
humerus, with the lower to the radius. When this muscle is contracted, 
the forearm is bent inwards. The various muscles differ considerably 
in length and power. Every muscle has some definite motion appointed 
to it; ’but there are many movements also which require the joint 
action of several muscles. Hence the dividing of a muscle may either 
altogether put an end to a motion, or it may simply weaken or modify it. 
The same muscle which changes the position of a limb, or any other part of 
the body, cannot restore it to its original position ; the restoration to the 
original position is always effected by a second muscle, acting in an exactly 
opposite direction to the first. Hence we divide the muscles of the extre- 
mities into flexors and extensors; the former pass over the inner, the latter 
over the outer angle of the joint. 

29. The number of pairs of muscles in the human body amounts to 238. 
The enumeration and description of them forms, under the name of myology, 
a special branch of the science of anatomy. 

The expanded muscles, which, for instance, in the hedgehog, enable that 
animal to roll itself up into a compact round ball, and to make its sharp 
spines radiate all round, and stand out in every direction ; in the horse, to 
move the integuments covering the back ; in the human subject, to move 
the skin of the head, deserve a passing allusion here. 

3. The Nerves. 

30. The matter of which the nerves consist is essentially peculiar, both 
in form and composition. It presents the appearance of a white, caseous, 
marrowy substance, which in some parts is collected into larger masses, 
surrounded by a gray substance ; whilst in others, it assumes the form of 
filaments or chords, which are mostly interlaced and reticulated. 

Under the microscope, the nervous tissue appears as a mixture of gray 
and white matter — of fat and albumen. One hundred parts, by weiglit, of 
it contain 06 parts of carbon, 10 of hydrogen, 19 of oxygen, 2 of nitro- 
gen, and 0*9 of phosphorus, which gives a larger proportion of the latter 
substance than is contained in any other of the animal tissues. 

31. The largest mass of nervous tissue in the body constitutes the brain. 
This is enclosed and protected by the solid bones of the skull, and beneath 
them, more immediately, by the dura mater, or hard brain membrane. Its 
form is hemispherical, and its bulk corresponds to the size of the upper 
portion of the head. It is divided by a deep indentation into two halves. 
The surface of the brain is very uneven, from the irregularities of its folds 
or convolutions, producing numerous humps or eminences, by the aid of 
corresponding depressions. The portion of the brain occupying the fore 
and upper part of the skull is called the brain proper (cerebrum), and is 
separated by a deep fissure from the little brain*(cerebelhmi), which i^ lodged 
in the posterior part of the cranial cavity. The brain is continued into the 
medulla oblongata, which passes through the foramen magnum in the occipitid 
boiiQ, and forms, as it were, the connecting link between the brain and the 
spinal chord. The weight of the human brain is about lbs., that of the 
entire mass of the nervous system about 3 lbs. 

The nutrition of the cerebral substance is provided for by several arterial 
trunks, which spread their branches through it. 
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32. The nerves present the appearance of fine white filaments ; they issue 
from the brain and spinal marrow, aggregated in bundles, and spread thence 
in every direction through the body, separating and diverging in proportion 
as they get farther away from their source. In this manner the nerves 
arc diffused through every part of the body, endowed with sensation, or 
having some function to perform. 

33. According to the different purposes which the nerves respectively 
subserve in the animal economy, we divide the nervous system into two 
branches, viz., the animal branch, and the vegetative branch ; the former 
comprises the motory nerves, and the nerves of sensation ; the latter branch 
is charged with the nutritive function. 

a. Nerves op Sensation and Motory Nerves. -- - * 

34. We mention of course here only the principal 
trunks, which are represented in fig. 3, cut off a short 
distance from their source. They spring eith(ir from the 
brain ( a), or from the medulla oblongata (y '), or from 
the spinal chord (f) ; the^jC^Qj^ebellum (e) sends forth 
e no nerves. The nerves, like the muscles, run always 
in ])airs. 

We count 12 pairs* of cerebral nerves, which 
are marked in fig. 3 by corresponding numbers. 
They are— 1. The olfactory nerves. 2. The optic 
nerves. 3. The“ motory nerves of the eyes. 4. The 
pathetic nerves. 5. The Iri gem inal nerves, which 
separate into three hi ..inches, subdividing again into 
f minor branches, and from which spring, among otliers, 
the lachrymal nerve, the nerves of the palate and of 
the teeth, and those of the tongue. (>. The abducent, 
nerves of the eyes. 7. The Ihgial nerves. 8. The 
auditory nerves. 

The remaining four nerves, which spring from the 
medulla oblongata, are only partly distributed in the 
hejid, and send out branches to the other parts of tlie 
body, especially to the viscera, and more particularly 
to the stomach and to the intestines. This affords a 
key to many rcmai'lcable phenomena; it explains, 
for instance, the reason why the irritation produced 
by worms in the intestines, is felt also as a tickling 
sensation in the nose, and why headache is almost in- 
variably a concomitant of derangement of the stomach. 

The spinal nerves amount to thirty pairs, of which 
there arc eight cervical, twelve dorsal, five lumbar, 
and five sacral nerves. The fifth to the eighth 
cervical, and first dorsal nerves form a plexus g, in 
which the nerves of the arm originate ; the five lumbar nerves unite in the 
same way to form the great lumbar or femoral plexus k, which furnishes the 
nerves of the lower extremities. 

* English anatomists generally make only nine pairs, comprising respectively in one pair, 
the seventh and eighth, the ninth and tenth, and the eleventh and twelfth. 
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I , Nerves of the Viscera. 

GanijUonic System — Nervous System of Organic or Ammal Life, 

35. All the spinal nerves send branches to the anterior side of the 
vertebral column, which is turned to the viscera; these branches combine 
with each other, tbrming tul^crclp or and pi^vus, which receive 

besides several branches from some of the cerebral nerves. Thus there is 
constituted a double chain stretching along the front of the vertebral column, 
from the head down to the coccyx, and presenting, at certain distances, 
ganglia^ friun wliich nerves branch out at every part of the viscera.. 

The most important among these ganglia or nervous centres are the 
upper and the lower cervical ganglion, and thoracic ganglion ; the large and 
the small splanchnic nerves, with the solar plexus, and the renal plexus. 

It is a distinguishing characteristic of tlie nerves of organic or animal life, 
that they do not run in chords alongside each other, brancliing ofr at certain 
distances, but issuing from ganglionic centres, as wo have seen just now% and 
spreading in dillerent directions, unite again in ganglia, and form tliere a 
kind of net -work. 

Tliis part of the nervous system is, thenlore, usually termed \\\i} ganglionic 
system. 

Another point to be ob.served is, that the nerves .of the ganglicmic system 
perform their functions (piite iTidopendently of the will. Tin* respiratory^ 
digestive, and circulatoiy process<.‘S arc going on in the (Wgans respc<'tively 
■charged witli tlicse functions, even during sleep, and whilst we are perfectly 
unconsciou.s of them. Neither do these nerves convey to the gn at centres 
the impression of external influonc<\s. Although the stomach, tin* intestines, 
and the blood-vessels are abundantly supplietl witli nerves, yet thesi* lalt(*r 
do not intimate to us the arrival of the food in the stomach, nor its 
motion through tin? inte.stincs, and leave us unconsci()Us also of tlie eircidatory 
motion of the Idood in tlie vascular system. JIow ilillerent is tin? case with 
the nerves of S‘.'nsation and the rnotory nerve.s, which not only peiTorm their 
functions with lightning speed at tlie bidding of the will, but also conviy 
in.stantanenusly to our perception even the slightest external impressions. 

3G, In the maminifcrous animals, tlie birds, the rejitilcs, and the fishes, 
the nervous system is pretty uniformly developed. 
In insects we lind a series of ganglia arranged along 
the ccmtral line of the l)ody, connected by a double 
chord, and sending out on both sides lateral lila 
nient.s. (See fig. 4.) 

In the mollusca also we find still a nervous 
.system, thougli much less comple.x than in tin; 
articulated animals, and reduceil in the lowest 
(jrders to a .single ganglion. And even as the 
gelatinous pfdypi .show vcstig(;s (4' rudimentary 
nervou.s system, tliere is rea.son to assume that no 
animal h altogether destitute of iu‘rvcs. 

37. 4 he chic'f mass of the nervous system con- 
.stitutes the hrain, which is llic centre ol' all .sensa- 
tions, and justly considered a.s the scat of the in- 
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tellcctual faculties. Every injury to this most important organ is attended 
with a corresponding disturbance of the intellectual functions. By simple 
mechanical pressure exerted upon the brain of the animal, it may, for the 
time being, be deprived altogether of all powers of motion ; and a protracted 
continuance of the operation will even lead to the death of the animal. 
I’ressure confined to one side of the brain produces partial paralysis. Lesions 
of the brain, therefore, are always dangerous ; serious injuries to the meflulla 
oblongata, from which so many of the nerves of the head spring, and upon 
which the respiratory function depends, cause instantaneous death. K\ en 
the most gigantic and jiowerful body is struck down instantaneously, as if by 
lightning, if the medulla oblongata is severed, where it issues from the skull, 
tliat is, in the nape of the neck, above the first cervical vertebra. 

In ancient warfare, when the wounded elephant, maddened with pain. 
Would sometimes turn against the ranks of his owners, his conductor hud 
simply to drive a chisel into that part of the neck, to disable the huge 
animal in an instant. 

Lesions of the spinal marrow are almost equally dangerous. 

Internal perturbations of the nervous system also may imperil tlie life of 
tlie subject. Violent congestions of blood in the head will often suddenly 
suspend the action of the nerves, and cause what is usually called apoplexy. 
There are a number of substances which act injuriously upon the brain, some 
of them causing excessive cerebral excitement, followed by corresponding 
de[)res;sion, others exercising direct paralysing action. To the furniLr 
category belong alcohol, opium, strychnine, and the narcotic poisons in 
general ; to the latter, more ^specially hydrocyanic acid. Giddiness, vertigo, 
Irenzy, prostration, stupor, death, are the different degrees of the eftect pro- 
vluced by these agents upon tlie great nerve . ;s centres. 

oS. 'I hc intimate connection existing between the mind and the nervous 
s’y'stcm is most clearly demonstrated by the inlluence whicli purely mental 
or moral impressions exercise upon that system. Severe mental exertions 
will often bring on headache. Sudden strong emotions, more particularly 
sudden joy, or sudden fright, may cause the same perturbations in the 
cen;bral luiictions, as usually result from lesions of the brain. Loss of con- 
sciousness, stupor, madness, and even sudden death, are not uiifrequently the 
consetiuence of violent mental omotioii. 

d lie conteinj)liition of faets like those has naturally led to a belief that the 
tlevelopment of the moral and intellectual faculties depends in a measure 
upon tlie size and development of the brain, and that the differences observ- 
able bi'tween the convolutions, protuberances, and depressions in the brains 
of difli rent individuals, correspond to certain definite differences in their 
respective iiiental faculties and intellectual capacities ; and inasmuch as the 
cranial bones are kiunvii to accommodate themselves to the protuV>erances 
and depressions of the brain, which they enclose, certain physiologists have 
thought that the bumps of the skull might serve as a guide to tlie corroct 
divination of the nit»ral dispositions and tendencies, and intellectual capacities 
ol‘ an individual. This theory, which certainly looks plausible enough, lias, 
by the ingeimily of its authors and chief suiqiorters, Gall, Spurzheim, and 
Lumbo, been raised to the rank of a (piasi-science, known by the name of 

viiuloijf/. 

z 
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Motion. 

89. The various movements of the body are the result of a peculiar joi^ 
action of the nerves, muscles, and bones ; the latter, however, co-operate 
only in so far as they afford the basis or support to which the muscles and 
tendons are attached. The movements are effected by the contraction of 
these muscular fibres, and the shortening of the muscles caused thereby. 
The contractile faculty is not inherent in the muscles, but is imparted to 
them by the action of the nerves, and the lesion or section of a motor nerve 
impairs or destrOys the motor power of tee muscle or muscles which it 
supplies. The nerves are accordingly the true motor agents in the human 
body, the muscles and bones being simply the inatrumerUs through which the 
motion is effected. 

40. Careful and minute researches and experiments have shown that the 
different portions of the nervous system contribute very unequally to the 
phenomena of motion. The respective functional intention of the several 
component parts of the system is as follows : — 

From the brain ahd spinal marrow proceed the nerves, which preside over 
sensation and voluntary motion. Some of these nerves, such as the third, 
fourth, sixth, seventh, and eleventh pairs of cerebral nerves, are exclusively 
motor, the others serve both the purposes of sensation and of motion. 
Strictly speaking, however, this is not precisely correct ; the fact is, every 
bundle of nerves that proceeds from the spinal cliord, consists of several 
dklinct filaments, which do not unite on their way, but run on separately 
firom their source to their destination ; some of these filaments are appropri- 
ated exclusively to sensation^ others exclusively to motion, and although it 
is difficult to distinguish them in the hundleSy yet at the point of their origin 
their individual distinctness may be clearly made out upon close examination. 
All the nerves proceeding from the spin^ chord ORginate in two distinct sets 
of roots, of which the posterior give birth to nerves of sensation, the anterior 
to nerves of motion, both of which run afterwards together in the same 
bundle ; it has been shown experimentally that the section of the posterior 
roots deprive the body of sensation, the pow’er of motion continuing ; whilst 
the section of the anterior ipots take away tlie latter faculty, leaving that of 
sensation unimpaired. 

The cerebellum, and the parts of the brain contiguous to it, are intended 
to serve rather the ptirposc of regulaUng and directing the movements of 
the body, than of inciting them ; the results of certain experimental section 
and lesions of these parts have shqwn that animals injured in this way lose the 
power of moving, except in on4 definite direction, as forward, backward, 
laterally, &c. 

The meduUa oblongata ptesides over those movements which, though going 
on spontaneously^ remain still subject in some degree to the control of the 
will, as is the case with the respiratory function. 

The visceral nerves (the ganglionic system^ finally preside over the action of 
teose muscles which are altogether independent of the will. 

41. The manner in which the nerves determine the contniction of the 
muscular fibre remains still matter of speculation. Galvani made, in the 
year 1789, the discovery that the electric current will cause a similar con- 
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traction of the muscular fibre to that induced by thi^ uerves. (Physics, § 191.) 
This naturally led to a notion that electricity wiS the real cause of all 
muscular movements. There are, however, many and weighty reasons that 
strongly militate against the correctness of this notion. 

42. The contraction of the muscle is of limited duration ; even the most 
powerful muscle gets sooner or later wearied and exhausted^ and returns 
involuntarily to its relaxed condition. When it has remained for some 
time in a state of relaxaUon or resi^ it reacquires the fiiculty of contrac- 
tion. 

The vigor or intensity of the contraction of a muscle depends upon the 
size of the latter, and upon the energy of the will brought to bear upon it. 
To what a degree the latter may heighten the muscular force, is shown by 
the remarkable instances of the enormous strength exhibited sometimes in 
danger, passion, and madness. 

43. The usual motions of most of the limbs of the human frame may be 
compared to those of a single-armed lever, as repr^ented by fig. 6, having 
its fulcrum at c, with a 
downward pressing weight 

placed at the opposite 
extremity (a), and an up^ 
ward pulling weight (6) 
attached to a point lying 
between the two ends, ana 
which represents the ele- 
vating muscle. 

The fore-arm in fig. 6 
may be looked upon in the 
light of a lever of this kind, 
having its centre of motion 
in the elbow-joint (a), and 
at the other end the down- 
ward pressing weight (w), whilst the elevating muscle is attached at 5. 
From the physical laws developed and elucidated in the physical part of the 
present work (§ 59), it follows 
that we arc able to sustain the 
greater weight the nearer we place 
it to the fulcrum at a; thus we can 
support a lieavy basket in the 
elbow joint, which we might be 
unable to hold out in one hand. 

Assuming the distance from the 
elbow-joint to the middle of the 
hand to be fifteen inches, the same 
weight which, placed at the dis- * 5 , 

tance of one inch from the fulcrum 

of the joints, would draw downward with a force of 2 pounds, will, when 
placed in the middle of the hand, draw downward with a force of 15 X ^ 
pounds = 30 pounds. » 
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11. VITAL ORGANS. 

44. The vital organs are tliose of digestion, assimilation, nutrition, secre- 
tion, circulation of the blood, and respiration. In the lower animals, the 
respective digestive, circulatory, and respiratoiy apparatus are represented 
by simple organs. But in the higher orders of animals, several, and often 
Very differently formed organs, co-operate in the performance of their re- 
spective ftinctions (the digestive, the circulatory, and the respiratory),'' con- 
stituting their so-called systems of organs. . 


1. Organs of Digestion. 

45. We apply the term digestion to the collective functions of a certain set 
of organs charged to convert the food ingested into the body into a proper 
state to subserve the purposes of nutrition, — ^in other terms, to assimilate it. 
i All the organs co-operating directly in their assimilation of the food, are 
II termed digestive organs. 

The principal funedou of the true digestive organs consists more in the 
comminution (solution) of the food than in its transmutation or ektbomUon, 
which latter is a part rather of the nutritive function. •i 

A collateral function of the digestive organs consists in the elimination and 
ejection from the body of those parts of the food ingested, which cannot be 
turned to account in the animal economy. 

Liver, Pylonw. iEsophagus. Pancrcu StomaclL ^ 



Small 

7 . 


Rectum. 
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46. The most simple form of the digestive organa is that of a cyliiirlrical- 
shaped bag, open at both ends.^'and. which is usually tenned alimentary f 
canal. . Tlie upper orifice, which F^eives the food, is called the moiil/iy the 
opposite opening, through which The useless parts of the food are ejected, is 
termed the anvs. The enlargement of the alimentary canal between the two 
openings, is called the stomac/i. However, in the higher classes of animals, 
the digestive apparatus comprises, besides the alimentary canal, a set of 
collateral organs, as represented in fig. 7. 

In this illustration the natural position of the organs is slightly altered, for 
instance, tlie anterior lobe of the liver is raised, as otherwise it would almost 
completely conceal the gall-bladder and the stomach. 

47. The comminution of the food begins '‘in the mouth, where the 
alimentary substances undergo the process of mastication. The masticatory ' 
apparatus is exceedingly powerfulj^lhirtower forming an angular lover 
with upward action. The tongue moves the Ibod about in the mouth, 
placing it in a convenient position for the teeth to lay hold of, ^ cut, and to 
crush it. Whilst the food is thus being chewed, ^ it is mixed also with 

^ ^ediva, a fluid secreted by the salivary glands, of whicli there are three pairs, 

^ viz. the suh-HngttaLi under the tongue ; th^jparotkly near the ear ; and the 
snh-ma xd lar y j situated inside the lower jaw. ^ 

The saliva is a colorless watery fluid, which holds in solution about 1 per 
cent of solid substance. Its object is to moisten the food, and thereby to 
f icilitatc de glu tition. Although saliva can hardly be said to possess a greater 
solvent pmyer’^tlian water, yet experiments have fully proved that food pro- 
jK'irly clieweS and mixed witli saliva is always more readily digested than 
food that luis been swallowed in small lumps or bits, without having pre- 
viously undergone the masticatory and salivatory process. Fresh saliva 
shows an alkaline reaction to vegetable color. (Chemistry, § 17.) 

48. l"rom the mouth the food passes through the a^sopha^us ^ wdiich is 

called also the (jullet or throat, into the stomach. Tins is a strong mem- 
branous bagpipe-shaj)ed bag, which lies woss the cavity of the abdomen, 
close under the diaphragm, and is coverea anteriorly by the liver. On the 
loft side, where the assophagus enters, forming the car^Iia or c^ian orifice , 
or vumth of the stomach, the organ is enlarged. The opposite en^^which is 
termed the loads into the bowels, is contracted tofS" harrow 

compass. Both the caixliac orifice and the pylorus are constricted and closed 
(luring tlie digestive process by an annular muscle. Behind the stomach, 
on the left side, lies the spleen, an organ apparently formed of the minute 
raniiiications of an artery. Its functions remain as yet a matter of specula^ 
tion. 

'I'hc inner co.at of the stomach is surrounded with a layer of muscular 
fibres, by moans of which it may be compressed. ITiis layer is in many 
animals, and more especially in domestic fowls, very strong, imparting to 
the stomach of such animals the power of crushing very hard substances. 
When the stomach is empty, its walls are contracted, and present at their 
internal surface a multitude of folds, which decrease in proportion as the 
organ becomes distended again upon the ingestion of food. The inner coal^ 
of the stomatdi is lined with a mucous membrane, which secretes an acidf 
fluid, called the gastric juice. * 

z 2 
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I 49. The gastnc juice contains 98 per cent of water, holding in solution a 
nttle chloride of sodium (common salt), and some hydrochloric acid. It was 
formerly supposed that the food w'as comminuted in the stomach by tritura- 
tion between the hard coats of that organ ; experiments have proved, how'- 
ever, that this is not the case. The real explanation of the process is, that 
the alimentary substances are dissolved by the gastric juice. Even the 
gastric juice t^en out of the stomach of slaughtered animals will effect their 
solution, when brought into contact, at a proper temperature, with^wnall 
chopped pieces of meat, &c. Nay, even artificial imitations of the gastric 
juice have been found to produce the same effect, though always most rapidly 
when mixed w*ith a certain proportion of, the natural fluid ; which has 
naturally led to a notion that gastric juice contains some peculiar, 
organic, digestive principle. >h 

50. The action of the gastric juice accordingly reduces the alimentary 
matter into a thick pulpy mass, called chyine or chymus^ which then passes 
through the pylorus into the intestines^ and first into that part which is called 
the duodenum^ on acCKApnt of its being about 12 finger-breadths in length. 
The intestines, which lii^the human body reach altogether a length of about 
30 feet, lie in the abdominal cavity, folded together in many convolutions. 
We distinguish in them several difierent portions, to which appropriate names 
have been given. 

The digestive process continues in the duodenum, where the chyme is j 
mixed with the pancreatic juice^ a fluid secreted by the pam^eas or T^ancreatic \ 
gland (see fig. 7), and which is very similar to the saliva, and with the 5i7<?, 
w'hich is conducted from the gall-bladder into the duodenitm, through the 
biliary duct {ductus choledochus). The bile is a clear, grfecn, intensely bitter 
fluid ; it feels soapy to the touch, and is in fact a natural soap, being a com- 
pound of fatty acid (Chemistry, § 137), wdth soda; like other soaps, it has 
a feebly alkaline reaction. It is often used in lieu of soap in the cleaning of 
delicate textile fabrics. 

51. The lu-p' is the organ in |^ich the bile is secreted ; it is the largest 
of the visceraL ''■‘The hepatic substance or parenchyma of the liver consists of 
an agglomeration of small, solid, granular particles, and is pervaded by a 
multituii|pf blood -vessels ; from those hepatic particles spring minute canals, 
which the bile. The colour of the liver i.s diirk reddish-brown, 

52. The digestive process terminates with the admixture of the bile with 
the chyme ; the latter consists now of two parts, the one solid the other fluid. 
The former (the solid part) is not adapted for assimilation, and is therefore 
ultimately ejected through the anus. The fluid portion, on the contrary, 
holds in solution all the available nutritive matter of the food ; the fluid 
part is called chyle. The chyle is colorless; in every other respect it is 
nearly identicafWfB the blood. 

53. The contents of the duodenum pass gradually into the small intestines.^ 
which constitute a long, narrow canal, convoluted ia many folds, so that the 
passage through them is an operation which requires some time. The 
inte.stinal contents are moved forward in the intestines by an incessant pecu- 
liar vermiform movement of the latter, which is called tlie •peti^laltic motion. 

T he inner mucous coats of the small intestine presents numerous small pro- 

V minenccs, consisting of a spongy cellul^ tissue, and called vUMj these absorb 
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the chyle, and from them arise the chyliferous lymphatic vessels which cop- 
duct the chyle into the thoracic duct. The latter opens into the subclavian 
vein^ when the chyle is ultimately admixed to the blood. The farther the 
contents of the intestines proceed in their downward course the more they 
lose of the nutritive elements of the food ; and when they ultimately reach 
the widening part of the intestine, which is called the large intestine (coZaw, 
see fig. 7), they consist almost entirely of matter unavailable for the pur- 
poses of nutrition. The intestinal contents have now acquired greater con- 
sistency and solidity, incipient decomposition sets in, and the fecal matter is 
then ultimately ejected. 

64. Not all articles of food are equally digestible. As a general rule, 
hard and compact 'substances are less easily digested than similar substances 
of less consistence. Matters that remain undigested after a certain time 
pass on along with the digested portion, and are thus ejected from the body 
without contributing to its nutrition. The presence of matter of this kind 
often causes pain and uneasy sensations. 

Accurate investigations have shown, as indeed the common experience of 
every day teaciies, that the chymification of readily digestible food takes from 
one hour to one hour and a-half. The following are most easily digested : 
asparagus, hops, spinacli, celery ; ripe fruit, preserved fruit ; pap of cereal 
grains, such as rye, barley, rice, maize ; peas, beans, chestnuts ; bread one 
day old; light pastry; turnips, potatoes; veal, mutton, fowls; soft-boiled 
eggs, milk ; fish boiled in water. 

Among the less digestible substances, and which are only incompletely 
chyinified within the given time, we may mention the following: salads, 
such as lettuce, water cresses, endive, white cabbage ; onions, raw or boiled ; 
liorse-raclish, carrots; dried fruits, figs ; j.ewly-bal^ed bread, patties; pork, 
no matter whether roast or boiled, fresh or salted, or cured ; boiled blood, 
clicese, hard-boiled eggs, omelettes, and pancakes. 

The following matters are not digested within the given time, and must 
accordingly be looked upon as indigestible, or, at all events, very difficultly 
dige.stible : the edible mushrooms ; all nuts and fruit kernels ; the vegetable 
oils and flits; dried raisins; the skins of beans, peas, lentils, rye, barley; 
the husks of peas and beans ; the skins of cherries, &c. ; and peel of 
a])plcs, <&c. ; tlie membranous and gristly parts of every kind of ; car- 
tilages and bones. 

Warm alinicnts are more easily di^sted than cold, as the high temperature 
of the stomach greatly promotes digestion, and so the injestion of cold food 
miLSt necessarily tend to reduce that temperature. } . 

2. Organs of Circulation. 

.65. The organs in which the blood circulates arc called vessels or blood- 
vessels. They consist of cylindrical tubes, connected with each other, and 
forming a complete* system of channels, which convey the nutritious fluid 
from the heart to all parts of the body, and from the latter back again to the 
heart. This system is called the vascular sgsletn. 

According to the different nature of their fluid contents, the vessels are 
divided into two classes, viz., the arteries^ which convey a bright red lluid 
(arterial blood) ; and the veins, which convey a dai'k red fluid (venous blood). 
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Besides these two, the lymphatic ahscn'hent or chyltferous vessels, which, as 
has been mentioned already, convey the colorless chyle, form also part of 
the vascular system. ^ 

66. The circulatory function serves a threefold purpose in the animal 
economy: 1. the nutritive principles supplied by tlfeTobd are conveyed to 
all parts o£ the body ; 2. the detritus of the several organs and parts is 
eliminated and removed ; 3. a uniform temperature is diffused and main- 
tained in every part of the body. 

The Blood. 

57. The average weight of a man of forty years of age is estimated at 
137 lbs., of which two-ninths ==30 *51^, .xe^ the AveighLof. thc^ 

The blood is a non-transparent, intensely red fluid, of the following com- 
^ position: — 


Constituent parts of the blood. 100 parts contain 

Water, 78*2 

Blood-globules, ....13-5 

Fibrin, 0'3 

Albumen, 6*7 

. Salt*, 0-9 

Fatty matter, 0*4 


100*0 


These numbers represent the average proportion of the constituents of 
the blood ; age, the mode of life, and the state of health ekercise a modify- 
ing influence on the composition of this fluid. Besides the solid and liquid 
constituents, the blood contains also several gaseous substances, viz. — 
\\oxygen, nitrogen, and carbonic acid, 

' ^ Viewed through the microscope, the blood presents the appearance of a 
clear pale-yellowish fluid, in which are seen swimming about a multitude of 
minute red corpuscles, which arc called blood globules; it is these which ini- 
. ; part to the blood its red color. The coloring matter of the blood contains 
i . about 0'06v per cent of iron, which gives for the whole mass (30*5 lbs.,) 
about a ^q^rter of an ounce. Part of the corpuscles contained in the blood, 
viz. — corpuscles, have no color. 

If fre% blood is allowed to stand at rest for some time, it coagidatcs ; 
that is, it separates into two parts, — a solid part which floats on tlie surface, 
and is called coqguli(m^,^clot ; and a watery fluid of a pale^ellowish color, 
which is called serwin l 

This separat^rTTs explained as follows : — On^ cooling, the fibrin of the 
blood coagulates in flakes, involving at the same time the globules, and 
constituting jointly with the latter the deep red-coloured coaguliim wliich 
floats upon the serum. If the fresh blood be briskly stirred with the 
hand, or with a small brush, the fibrin will indeed also coagulate, but it will 
not involve, in that case, the blood globules, and the fluid will accordingly 
retain its red colour, and lose the property of coagulating. The? fibrin of 
the blood (Chemistry, § 153) is in itself colorless, and adheres in the shape 
of white threads to the little brush with which the blood is stirred. 

58. Upon heating the serum to ebullition, the albumen in it coagulates. 
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(Chemistry, § 152.) Boiling, therefore, changes the blood into a solid masfti 
When blood is mixed with a liquid turbid from the presence of foreign 
particles, the coagulating albumen of the blood envelopes these foreign par- 
ticles, and effects thus the clearing of the liquid. Blood is therefore often 
employed in sugar-refining,— the process of clarification. 

The salts which the blood holds in solution are principally common aali, - 
(chloride of sodium), phosphate of lime \ which latter, as we have seen, 
constitutes the substance of the osseous tissue of the bones. 

Besides these, the blood contains also a number of other matters, but in 
inappreciable quantities only. The most appreciable among these is fat^ 
which is seen floating in the blood after cooling, in the form of small 
globules. 

59. Thus wc see that the blood contains all the materials of which the \ 
various parts of the human body consist, viz. — fibrin and albumen, which , | 
form tlie muscles and membranes ; phosphate of lime, which constitutes the ; ; 
substance of the osseous tissues ; fat and other substances, which are re- ^ t 
qiiired in comparatively small quantities only, to fom certain parts of the \1 
body, as, e.g., tlie cerebral substance. The, blboA is consequently the i| 
truly nutritive fluid of the body, out of which aft parts of the latter are 
formed. ' 

But to enable the blood to perform its nutritive functions, it was requisite 
that the means should be given of conveying it to every^ part of the animal 
economy. This is ^accomplished through the medium of the different vessels 
which constitute vascular system. 

1. The Arteries. 

00. The arteries are tubes with highly elastic walls. They arise from 
the heart (see fig. 8), which is a hollow muscle situated in the cavity of the 
chest, and divided into several compartments. 

Tlie function of the arteries is to convey the bright red-colored blood to 
all ])arts of the body. 

Hence the chief arterial trunk, which arises from the left ventricle (figs. 

IT afiiflS), and is called the ao7'ta, separates at once into several n^ncipal 
branches. Of those, the carolici arteries lying riglit and left of 4^.neck, 
serve to convey the blood to the head ; the subclavian artericSj and 
left, to the upper extremities. At the point where these branches are given 
off‘ the aorta forms an arch, and descends on the left side of the vertebral 
column, giving off in its course branches to the different viscera, until ulti- 
rnat(.*]y it divides into the two iliac arteries^ which convey the blood to 
the lower extremities. 

All the main branches given off by the chief arterial trunk divide and 
sub-divide again, presenting ultimately in their last divisions a net-work of 
most minute vessels, wliich it requires the aid of the microscope to distin- 
guish, and which on that account are called capilUmes or capillary vessels. 
The capillaries merge immediately into the veins. 

2. The Veins. 

61. I'he veins also are tubular channels, but. of laxer consistency than 
the arteries, which causes them to collapse when empty. As we have seen 
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^ the preceding paragraph, the capillary terminations of the arteries merge 
into the minute channels which constitute the beginning of the veins. The 
venous capillaries speedily unite, forming largex tubes ; these again combine 
to form several principal branches, which ultimately pour their contents 
into two chief trunks, called vencD cavce, and which convey the blood back to 
the heart through the right auricle (see fig. 8). 

The venous blood is darker coloured than 
the arterial blood. 

The throbbing motion or pulsation of 
the blood, dependent on the action of the 
heart| is lost in the capillaries, and no pulsa- 
tion is perceptible, therefore, in the veins. 
Many veins lie pretty close to the surface, 
where the larger ones may be clearly seen 
through the semi-transparent skin, as blue 
lines. If the reflux of their contents to 
the heart is intercepted or impeded, they 
swell considerably, as may be readily shown 
with those on the back of the hand. 

Small longitudinal inci^pns made in a 
vein, close again readily in d short time. In 
the practice of blood-letting, phlebotomy, 
or venesection, an inciaiaii is made, mostly 
in the large vein inside the elbow joint, vrith a shar{ir^|ated instrument, 
called a ^eam or lancet ; and when the quantity of blo^ r^uired has been 
drawn, a little compress with a slight bandage over it, sui&ces to close the 
opening again. 

3. The Absorbents and the Lymphatic Vessels. 

62. The lymphatic vessels are found in almost every part of the body, both 
immediately beneath the skin and deeper seated. By the name of lymphatic 
vessels .^e designate a system of thin-wallod transparent cliannels, wliicb rise 
in exoj^ingly fine ramifications in the interior of various organs ; these 
minute <^annels unite to form larger tubes, and then again combine to form 
several principal trunks, which ultimately pour their contents in several places 
into the veins. 

The fluid contained in the vessels, the lymj)h^ is generally transparent, and 
of a slightly yellowish color ; the microscope reveals the presence in it of 
colorless globular corpuscles, somewhat smaller than the globules of the 
blood. 

The lymphatic vessels in the intestines are of special importance. In § 53, 
we mentioned certain spongy cellular formations called viUi^ which arc 
found in great numbers along the inner coat of the small intestine. From 
these villi rise numerous lymphatic vessels, whosel sources arc intimately 
connected with the digestive process. If the contents of these vessels are 
examined whilst the process of digestion is going on, they are found to 
present a turbid, whitish, milky appearance ; the chief tube or canal, in 
which they ultimately unite, and which is called tlic thoracic duct, ascends 
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along the vertebral column, and finally pours its contents into the left 
subclavian vein, at the point where the latter unites with the left jugular. 

The villi^ from which these lactedl or chyUferous vessels rise, have, unques- 
tionably assigned to them as their special function the absorption of the 
nutritive juice (the ch:yle\ produced in the digestive process ; it is for this 
reason that the lymphatic canals nsing from the villi, are termed also 
ahsorhent vessels. These canals unite in larger or smaller branches, which 
spread first through the mesenteric folds enclosing the intestines, and combine 
ultimately in the thoracic duct. On its passage from the villi to the veins 
the lacteal juice absorbed from the alimentary mass in the intestines gradu- 
ally undergoes a scries of changes in composition, which assimilate it more 
and more to the blood ; it becomes charged with an increasing quantity of 
fibrin which imparts to it the property of coagulation upon cooling ; and 
ultimately, as it approaches the subclavian vein, it acquires a rose tint, which 
deepens upon exposure to the air. Hence, it may wdth propriety be desig 
iiated as colorless blood, and, indeed, the blood is always colorless in the 
greater number of the iiivertebrata. 

Circulation of the Blood. 

03. The centre from which all the motion of the blood proceeds, is the 
heart. 

Fig. 8 (see § 61), presents a section of this organ, which is somewhat 
simplified for tl^ of clearness. The heart is divided longitudinally by 
a septum, s, intd the f^ht and lejl cenhicles o r chambers^ r and /, and each of 
these has a fore-chamt^j a and b, TfliesC Ibte-chambers are called 
they are separated from the ventricles by a flap or valve, w?, througlnvtech 
each auricle may thus communicate with its ventricle. 

The heart is a hollow muscle, which possesses the power of contracting 
and, accordingly, of dirainishing the capacity of its inner cavity. Now, 
a.ssuiuing this organ to be filled with blood, its contraction will forcibly 
impel that fluid into the tubular channels which open into the heait. Of 
these diannels there are nqjess th an eight, om itting the smaller ones, as we 
luive done here in illustration' of the^oi^aiL But the blood is not impelled 
into all of them upon the contraction of the heart, but only into two; . The 
cause of this is to be sought in the presence of valves in the arteries and 
veins, and which, like tlie valves of pumps (Physics, § 105), open to the fluid 
pressing against one side, but close to the fluid coming from the opposite 
direction. Now, upon the contraction of the heart, the valves of the arteries, 
c and c/, arc forced open, and then permit the entrance of the blood into 
these arteries, whilst the valves of the veins, e and/, which are placed in an 
opposite direction, close, preventing thus the entrance of the blood into 
these veins. 

However, the contraction of the heart, like that of every other muscle, is 
of limited iluration, and is succeeded again by expansion ; wlien the heart 
expands, the valves of the arteries close, whilst those of the veins open, 
permitting thus the return of blood to the heart. In tliis way, the contrac- 
tion of tlie heart alternates incessantly with the expansion of that organ ; we 
call this alternate contraction and expansion, the pulsatio7i or beatiny of the 
heart. On an average, the heait beats 70_ times in a minute ; the pulsations 
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may be distinctly felt outside in the cardiac region of tlie licart, or they may 
be accurately counted from the corresponding pulsations of tlie radial artery 
in the wrist In children, and in adults also in a state of excitement, and 
in many diseases, more particularly in fever, the pulsations often exceed 
lOQ^ per minute. 

"-iW. The heart has two functions assigned to it, viz., on tlie one hand, it 
sends to all parts of the body the renovated blood, endowed with the 
properties that fit it for the nutrition of tlie various organs; and, on the 
other hand, it impels the dark-red blood, which it receives back through^ 
the vpins. into the luiigs, where it opmes into contact with the aii^ which 
i*escores its bright-red color to it The former function is called the great 
or q^ral circu lMiQn^ the latter, the liUU or 

uo' The function of the genet'al circulati^ orflie*Koo3Cirdi by tlie 

left division of the heart Upon the contraction of that organ, bright-red 
(artenal) blood is propelled into the oorto, c, whence it is diffused in jill 
directions through the branches of the lattei*. Upon the expansion of the 
lieart, the blood which in its passage through the body has changed its 
bright- red color to dark-red, is returned through the two veng) cavai, e, to 
the right auricle, whence it passes into the right ventricle. 

66. The imbmaanj circulation goes on siniultaneo^ly with the general 

circulation. The dark-red blood is propelled from the right ventricle 
through the two branches of the pulmonary artery^ d, both lungs. 
Upon the subsequent expansion of the heart, the b|i||j|^^j||iic]i from its 
contact with tlie air in the lungs, has recovered its is returned 

through the pulmonary veins, t\ into the left [)asses into 

the left ventricle, to be sent forth again into the%eiieral circulation, at tlie 
next contraction of the heart. h 

Tl? us the entire mass of the Uood of the body b in incessant motion, 
alternating between the general iEWfd the pulmonary circulation. 

67. The discovery of the circulation of the blood, one of the most impor- 
tant of those that have thrown some light on the phenomena oi' life, was 
made by the great Harvey^Jn 1619. 

We have stated iiTJ GO, that the^pillaries of the arteries merge imme- 
diately into the capillaries of the veins. This may be clearly demonstrat<*d 
by viewing under the microscope the transparent skin between the toes of a 
frog ; the motion of the blood-globules through tlie arterial capillaries, and 
their passage into the venous capillaries may there be distinctly seen. 

4. The Organs op Eespiration. 

68. The * lung», together with the passages and channels. leading to and 
from them, are designated as the organs of respiiation. 

Fig. 9 gives an illustration of these organs. 

The substance of the lungs is made up of the exceedingly minute ramifi- 
cations of the tubular canals, viz., the pw/wo/mry 

ariery, and tlie pulmonary veins. 

The lungs are a voluminous organ, consisting of two lobes or wings of 
pretty equi size, which envelope the heart on both sides, and, together with 
It, fill the thoracic cavity. 
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The office of the lungs is to bring the dark-red blood sent into them from 
the right ventricle of the heart, into contact with the air. 


Subcla\dan vein 


Lungs 



SabdaTian arterj\ 

^ Jugular vein. 
ac. Carotid arteiy. 
t. Trachea. 


Lungs. 
a. Aorta. 

VC. Lower vena cava. 
vd. Bight ventricle. 
vg. Left ventricle. 
od .\ Bight auricle. 


od VC ^ a 

■ .ir.,.;- 

ii. Lnugi) hatfrt, and principal vessels of man. (Comp. | 


I GO and 61.) 


69. The trachea^ or windpipe, which opens "nto the mouth, and com- 
municates through the latter also with the nose, consists of about twenty 
liard cartilaginous rings, connected with each other by a membrane. At 
the upper cud of the trachea is the larynx^ which opens into the pharynx by 
;m apei'ture or cleft, called the glqttis . 

To prevent the passage of any "portion of food or drink into the windpipe, 
the glottis is protected by a kind of cartilaginous valve called the evigloitis. 
and which closes that aperture during deglutition; however, thisvS^ 
opens when wo breathe, speak, laugh, &c. ; it will therefore occasionally 
happen, that when we speak or laugh whilst swallowing, solids or liquids, 
particles of food, &c., will get into the windpipe, when they create a violent 
irritation or spasmodic cough, by which they are ultimately •expelled again 
I’rorn the trachea. 

Tlie trachea separates into two chief branches, which spread in every 
direction through the lungs in an infinite number of branches, terminating 
finally in minute vesicles filled with air, and which are encompassed by tlie 
minute ramifications of the pulmonary blood-vessels. 

The lungs are accordingly an organ abounding in air ; when removed 
from the animal body, and made to collapse by expelling the air, they may 
he restored to their original bulk by blowing air into them through the 
windpipe. 

70. The act of respiration or breathing is accomplished by certain 
muscles expanding the chest, and creating thereby a species of empty space 
within the cavity of the chest, into which the air rushes from without, 
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through the windpipe. Upon the subsequent contraction of the thoracic 
muscles, a quantity of air, corr^onding to the diminution of space result- 
ing from that contraction, is expelled again through the same channel. A 
grown-up man takes in at every inh^ation, on an average, 656*9 cubicy 
centimeters, or 33 cubic inches of air. The number of inspirations amounts 
to about 18 per minute In an adultv in chi^^ it is greater. There are, 
on an average, 3 ‘8 pulsations to every respiration. 


Alteration of the Blood by the Bespiratory Process. 

71. We have seen, in § 65, that the blood, afler completing the general 
circulation, is returned through the vinee caves into the right auricle of the 
heart, and that it passes thence into the right ventricle, and from this, at 
the next pulsation, into the lungs, through the two branches of the pul- 
monary artery. 

In the lungs the blood undergoes an important alteration, from the 
action of the air upon it, with which it comes into contact in these organs. 
However, the contact between the blood and the air is not du'set, the 
exceedingly fine membranes of the mr-celb and of the Ci'ipillaries intervening 
between them ; what we have here is a similar penetration of these mem- 
branes, to that we have described in Botany, (§ 11), under the name of 
endosniose. 

72, A comparison of the air inhaled into the lungs, with that exiialed 
again from these organs, shows us the result of this contact of the blood 
with the atmospheric air. 

The air inhaled has the common temperature of the atmos|diero, on an 
average about 59 ^ Fahrenheit, and contains also^the same amount of water. 
The air exhaled has the temperature of the bddy, about 99® Fahrenheit, and 
contains a corresponding quantity of aqu^us vapour, which amounts, at 
each exhalation, to from 1 to 1^ grains. jgfxhe chemical change whicli the 
air exhaled has undergone in the lungs may be most clearly seen from the 
following table : — 


j Air Inhaled. Air Kxlmlcd. 


Amonnt lYescnt ia ‘ 


the Air, of 

In 100 Volumca 
by Measure. 

In 100 Parts 
by W'ciKht. 

In KK) Volumes 
by Measure. 

100 Parts 
by Weight. 

Oxygen, • 
Nitrgen, . 

Carbonic Acid, i 

20-815 

i 79-185 j 

Traces. j 

23-009 

70-991 

Traces. 

10-033 

79-587 

4-380 

1 7-378 
76-081 
6546 

j 

lon-ooo 1 

100-000 

100-000 

100-000 


This table, which is based upon the result of numerous observations and 
experiments, shows that the atmospheric nitrogen suffers no perceptible 
alteration or diminution in the respiratory process. 

But the case is different with the oxygen of the atmosphere. This 
element is reduced by 4'782 volumes, which are found to be replaced by 
4*38 volumes of carbonic acid, (Chemistry, § 53.) The respiratory power 
withdraws accordingly from the air a certain quantity of oxygen, and 
supplies to it instead a corresponding portion of carbonic acid. 
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■ Now, what becomes of the oxygen thus withdrawn from the air? 

It combines with the carbonaceous matter of the dark-red blood, forming 
carbonic acid, which is then exhaled. The removal of this carbonaceous 
matter from the blood, restores to the latter its bright-red color. The 
bright-red blood is then returned to the left auricle, from which it passes 
to the left ventricle, to recommence its circulating course. 

73. The body of an adult thus pves off with every respiration, a certain 
quantity of carbonic acid, amounting in the space of one hour to about 44 
grammes (1^ ounce). In these 44 grammes of acid are contained 12 
grammes of carbon. The body of an adult gjves accordingly off, in the 
process of respiration, 288 grammes (9 ounces 2 drachms) of carbon, in the 
course of 24 hours. 

Hence it follows, as a natural consequence, that we must supply to the 
body the requisite amCunt of carbon to support the respiratory process. 
Now, tliis is in fact done by the vegetable and animal substances, which we 
partake of as food, and which all contain carbon. 

A considerable portion of the food daily consumed entirely goes to support 
the respiratory powers. With every breath we draw, the body loses a 
certain amount of weight, which loss must be replaced, or the body will 
speedily sufler want. A starving individual is exhausted througn the 
respiratory process ; if we were able to stop tl^at process for days, weeks, or 
months, we might live all that time without food. There are some animals, 
such as snakes and toads, for instance, which remain for many weeks without 
perceptible respiration, and it is a well-known fact that these can for a similar 
and even for a longer period of time dispense altogether with food. In the 
hybernating animals, the respiratory process is suspended during the 
period of torpor, and they accordingly require no food in that state. 

Animals that pass die winter in a dormant state, like the badger, the 
marmot, and many otliers, continue to breathe, but slowly and feebly only. 
Still even this slow process consumes a considerable portion of the body, as 
is evident from the lean appearance which these animals present in spring, 
contrasted wdth the sleek rotundity of body that marked them just before 
they fell into their hybernating trance. If the winter’s sleep continued 
much longer, these animals would be unable to outlive it. 

74. Chemistry tells us (§ 22), that the combination of oxygen with other 
elements is alw’ays attended with the disengagement of heat, and that the 
amount of heat evolved is the greater, the larger the quantities of the 
combining elements. Everybody knows that the burning of a piece of 
charcoal or pit coal in the air, yields a certain amount of heat, which may 
be applied to various purposes. 

Now, as has been shown above, the respiratory process is simply a process 
of cliemical combination taking place in the body, between the carbon of 
the latter and the oxygen of the atmosphere ; tliis process must accordingly 
bo attended with disengagement of heat. Now, this is indeed the case, and 
it may evem be safely afHrmcd that one of the essential ends of respiration is 
the generation of heat, which is communicated more immediately to the 
blood, and is then by the rapid and universal diffusion of that fluid, con- 
veyed to every part of the body. The heat of the blood, and accordingly/ 
that of every, part of the body, is in the adult about 97^ to 98<^ Falirenheit ;| 
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it is higher in children, and lower in persons of advanced age. In the other 
mamtniferous animals, it is pretty nearly the same as in man. It is some* 
what higher, however, in the denizens of Uie polar regions ; in the birds it 
reaches 108® Fahr. On the other hand, most of the fishes, the reptiles, 
and the invertebrate animals have the temperature of the surrounding media. 

Phtsiologicai. Conclusions and Isp^ences deducible from the 
Facts and Statements given in Yhe preceding paragraphs, 

ON THE Digestive, Circulatoi^i and Kesitratory Organs. 

75. From the facts and statements given in the preceding sections on the 
organs of digestion, circulation, and respiration, a number of inferences and 
conclusions may be drawn, explanatory of several of the. phenomena of life, 
among the most important of which are those of nutiitioD, since upon a 
proper comprehension of the nutritive process depends not only tlic preser- 
vation of the human race, but also, in a great measure, the moral and 
intellectual status of man. 

7G. If we compare the nutrition of man and of the animals with that of 
plants, we find an essentuil ditference, not only in the respective maniu'r 
of the absorption and assimilation of the alimentary material, but also in its 
nature. In the vegetable kingdom the nutritive function is not assigned to 
one specific organ, as is the case in the animal ; we see almost the entire 
surface of the plant, viz., the root and leaves, adapted for, and engaged in, 
the absorption of the nutritive elements, whereas animals take their food 
only through one single aperture, the mouth. 

The difference between the plant and the animal is much more striking 
still in the nature of the nutritive substances upon which they separately 
subsist. Tlie plant feeds entirely on inorganic matter. Water, carbonic acid, 
and ammonia, the three principal aliments of the plant (Botany, §§ 88, 99), are 
generated by the influence of the general power of nature upon the consti- 
tuent elements of our terrestrial sphere ; they are inanimate, inorganic, 
matters, just as much as minerals are; they diff<T totally from the parts of 
the plant which they aid to form. 

The plant possesses accordingly the faculty of absorbing inorganic elements, 
of assimilating them, and of combining and forming them into organic bodies. 
Out of water, carbonic acid, and ammonia, the plant forma woody fibre, 
starch, sugar, vegetable albumen, and many other constituents of the plant. 
(Chemistry, §§ 119—157.) 

77. Tliis faculty the animal lacks. It cannot form its albumen, its 
muscular fibre, or its fat, out of carbonic acid, ammonia, and water. It 
rtvjuires, therefore, some agent to convert the elements indispensable to its 
existence, into organic, assimilatable forms ; this fimetion the plants perform. 

Indeed, if we compare the chemical composition of the albumen, casein, 
fiVii in, and fatty matter of plants (Chemistry, § 150) with that of the sub- 
stances bearing the same name in the animal body, we see clearly that 
the animal which consumes the plants finds in them ready formed all the 
compound organic matter which it requires for the construction and develop- 
ment of the various parts of its own body. 

78. The digestive and assimilafive processes in tlie animal arc therefore 
more simple and more easily intelligible than they arc in the plant. The 
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animal has not to form its muscular fibre, fat, &c., out of the elements sup- 
plied to it ; the digestive function in it is confined to the solution of those 
matters which it finds ready formed in the plant, and to their conveyance 
to the parts where they are required, and their appropriation to the nutri- 
tion of these parts. 

This applies still more strongly to animals living on the flesh or blood of 
other animals. These feed obviously on the identical materials that form 
their own body, and the digestive function in them is confined to a mere 
transformation of the food. 

It is a well-known fact, that we find digestion the easier the more the 
food partaken of contains the materials that constitute our own body. The 
digestive organs of the ruminating or herbivorous animals, are in many 
respects arranged differently from those of the carnivorous animals. The 
llesh wliich the latter consume is almost wholly assimilatable ; digestion pro- 
ceeds therefore in them more rapidly, the meals are comparatively smaller, 
and the excretion of useless matter is much less considerable than is the case 
in the herbivorous animals. 

The hay and grass on which the ox feeds contain but a small proportion 
of albumen, fibrin, and fat, that is, of the materials most required for the 
nutrition and development of the animal; whereas, on the other hand, they 
al^ound in woody fibre, a substance perfe^y useless in the economy of the 
animal. The ox consumes therefore ifiimense quantities of hay and grass, 
l)ut it eliminates again the greater part of its meals as inapplicable to the 
purjioscs of nutrition. It requires, moreover, a longer time for the solution 
of the nutritive materials, and the separation of the woody fibre, than the 
carnivorous animal requires to digest its food, which is so perfectly analogous 
to the substance of its own body. In the true herbivorous animal, the food 
remains therefore a long time in the stomach ; nay, after being soaked for a 
time in a particular part of the latter, it is returned once more to the mouth 
to be again chewed and mixed with saliva, to make it better adapted for the 
digestive and assimilative processes. It is from this singular property of 
chewing the food over again (rumination) that those animals have received 
the name ruminantia. The intestinal canal of beasts and birds of prey, of 
the cat and the kite, for instance, is very short. 

79. Under ordinary circumstances, the weight of the body of an adult 
neither increases nor decreases. There are of course exceptions, as, for 
instance, in cases of excessive formation or accumulation of fat, or of wasting 
from sickness and disease ; but as a general rule, from the time that the 
body hiis attained its full development, .all the alimentary substances ingested 
have simply to replace the materials expended in the various vital processes, 
but not to increase the bulk of the frame. The weight of the solids and 
liquids consumed by an adult in the course of a twelvcmontli, must there- 
fore exactly equal that of the various secretions given off by the body in the 
same period of time. 

Independently of that portion of the food which, being altogether unfit 
for the purposes of nutrition, is ejected from the body in solid or fluid form, 
the principal excretions of the body which we have to take into account 
hero, arc the cutaneous perspiration and the exhalation from the lungs. 

80. All kinds of food taken into the body are not used for the same pur- 
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|>ose in it. Starch, sugar, gum, alcohol, and fat, arc substances which we 
very often partake of : now, none of these substances contain nitrogen ; tlu*y 
cannot serve, therefore, to form any part of tlie Ixuly containing that latter 
element, such as albumen and the muscular fibre. Neither man nor the 
animals can sustain life upon these subslances Jilone. They serve principally 
to maintain the respiratory process; supplying the carbon, which is re- 
moved from the body by that proct'ss; and as this is atttmded, as has been 
shown in § 74, with a constant disongiigcnient of heat, starch, gum, sugar, 
alcohol, and fat, may appropriately be termed calontic suhHanaSy or the J'hjcI 
of the animal economy. 

81. Tlie formation and maintenance of the nitrogenous parts of the body 
require the ingestion of nitrogenous substances, sucli ns vegetable and 
animal albumen^ fibrin, and casein. Only those articles of food which con- 
tain one or several of these substances, are able to supply the blood with 
the constituents required to eflect tlio increment or rtmovation of the dif- 
ferent parts of the body. These nitrogenous aliments are, on that account, 
technically termed plastic aliments, or, more familiarly, initritive substance *s. 
(Chemistry, § 150.) 

82. Now, supposing we were to feed an animal entirely on pun' starch 
an«l albumen, we should indeed supply it with the materials requi>it(' l«) 
maintain the respiratory process, and to form the muscular fibre ; yet, 
nevvrthelo^s, the animal would not continue long in the enjoyment of In'alth 
upon this food, and 'would ultimately perish, because starch and allnimen 
c >ntain neither pim.^phate of limey which ser\Ts to form the osseous tissue, 
nor chloride of sodium (common salt), which is indispensable for the elabora- 
tion of the gastric jui(?e. 

Tf cattle he fed exclusively upon suhstanc«5 containing little or no lime, 
sucli as »>il-cakes, turnips, and the potato- wash refuse of distilleries, tlie 
animal does not find in these substances the material requisite for the for- 
mation and maintenance of its bones, and these remain weak, whilst the re.st 
of the body increases disproportionately, so that the feebh* bones are ulti- 
mately unable to bear the weight resting on ihoin, and break und*T it. 
This dread infirmity, which is termed “ sofenimj of the hones'' {mollities 
os'/awi), cannot allect cattle amply supplied with clover and hfiy, which 
substances abound in lime salts. (See Botany, § 118 .) 

It is a well-known fact that fowls and pigeons eagerly seek and greedily 
devour extraneous substances, sucli as mortar, for instance. (Chemistry, 
§ 70.) The}' requin? such substances the more, as they have to enclose the 
eggs laid by them within a calcareous shell. I'owls will s«>metimcs lay eggs 
enc! in a soft membranous hag instead of a sliell; this is a sure sign c»f 
deticic-ncy of lime in their food. 

In tlie same way man and other animals sertk for aliments containing salt 
(chloihle of sodium), which is indispensable in the iligestivc process. All 
natural sjirings hold thus important body in sm.'dl rpiantities in solution, and 
it is present also in many parts of plants, and in many animal substances. 
But over and above the quantity thus placed at our disposal, we arid salt 
also n.s u condiment to most ot our dishes. That tliis Iiody serves to pro- 
mote tlie digestive process, has been fully recognised from the carlif*st timo'. 

So. Now it follows from the preceding observations, that those alimentary 
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substances arc best adapted for food wliicli contain not only caloric or heat- 
generating constituents, but also plastic or nutritive constituents, and like- 
wise materials serving for the formation and maintenance of the osseous 
frame. Substances of this kind are more particularly the cereals, pulse, 
milk, flesh mixed with fat, eggs, and blood. 

'file following tabular view of the chemical composition of these dietary 
articles, will show their respective relative importance as articles of food: — 


100 J‘}irts by 
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Sc(? Chemistry, § L>0-lu4. 


SI. As appears from this table, the cereals contain not only materials to 
support the respiratory process, but also the nitrogenous tibrin, which serves 
to make Idood, and phosphate of lime for thv. formation of the osseous 
tissue. Bread and water in plenty will, therefore, sulKce to support an in- 
(liviflual not overtaxed with hard w’ork. Rye and barley contain from 18 
to 2-1: per cent of woody fibre, which cannot bo turned to account in tlie 
animal economy, and arc therefore inferior to wlieat in fibrin and starcli. 
But wheat again contains too little lime salts; so little indeed, that a young 
j)igeon fed exclusively upon it is speedily atiected w’itli softening of the bones, 
in the cereal grains, and more especially in wheat, tlic nitrogenous part is 
contained principally in tlie outer layerj?, the innermost layer containing 
almost pure starch. Therefore, the more carotully the outer layers are 
riMuoved to obtain flour of a whiter aspect, the less nutritive will that 
Hour be. 

Jn rice and potatoes we find very little real nutriment to a considerable 
arnonnt of starch. l.arge quantities of these aliments must consequently be 
ifigested to supply the requisite amount of nitrogen to the body. And, in- 
de(*d, it is a well known fav't that the Irish peasantry consume, or rather used 
to consume, innnouse quantities of potatoes, and that negroes make an 
enormous consumption of rice. The consequence of this is that an excess of 
sl.'irch is brought into tlie organism, of which a portion at least is rejected 
unaltered along with the excrements. 

Boas and beans are the nu'st nutrit ious of vegetable substances, on accoiin 
more especially of tln^ eon.siderable proportion of nitrogenous casnn which 
they contain. " Flesh, which consists entirely of fibrin, has this advantage 
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■over peas aiid beans, that it is more easily digested than the latter. By 
itself, flesh does not contain sufficient carbon to support the respiratory pro- 
cess ; as it is, however, usually mixed with fat, this deficiency is a matter of 
but little importance. 

But in no dietary substance do we find a more favourable combination of 
calorific and nutritive substances, and materials for the formation of the 
osseous tissue, than in milk^ as that substance contains sugary faty casein, and 
the requisite salts in solution. Milk is therefore also peculiarly adapted to 
furnish the principal article of food to the young of man, and many animals, 
during the period of development. 

85. As all elementary substances injected requires to be reduced to the 
fluid state, the body must constantly be supplied with a certain amount of 
water, to effect the solution and conveyance of nutritive particles. This 
water is partly contained in the food, and partly taken in guise of drink. Of 
all elementary substances milk alone furnishes, along with the nutritive 
constituents, also the requisite quantity of water. 

Like the plant, the animal body imbibes a much larger quantity of water 
than is required for internal consumption ; a portion of the water is accord- 
ingly always given off again, and this by three different outlets ; it may be 
assumed, that of the total amount of water removed from the body, one-fifth 
piusses away by the lungs, and one-fifth through the skin, the remaining 
three-fifths Iea\dng the body in the urinary secretion. 

86. The renal artery conducts the blood, in its circulatory courses through 
the kidneys, two bean-shaped glandular organs, situated in the abdomen. 
The function of these organs is, to withdraw from the blood passing through 
them a portion of its superfluous water, and also several excretory matters 
held in solution, and which the blood, in its passage through the body, 
has removed from various parts, and more especially from the muscles. 
The wine thus excreted in the kidneys is then conveyed to the bladder, 
whence it is finally ejected from the body. 

87. The quantity of food required for the support of an individual de- 
pends upon the temperature and the hygroscopic state of the atmosphere, 
and also on the amount of muscular exertion on the part of the individual. 
Man requires the larger amount of food, the colder and moister the climate 
in which he lives. This is easily explained; cold and moisture have a 
tendency to abstract a larger amount of caloric from the animal body than 
is given off by the latter in warmer climes ; and the loss of caloric then sus- 
tained must be replaced by a more active respiration and increased generation 
of heat. 

It is a well- known fact that the inhabitants of hot countries require con- 
siderably less food than those of temperate and cold climates, and that the 
denizens of the frigid zones consume more, particularly lar^ quantities of 
calorific substances (§ 80). The Laplanders, for example, dnuk train oil in 
large quantities. The prodigious appetities of the inhabitants of the far 
north is to be looked upon, therefore, simply as a necessary consequence of 
the natural conditions of nutrition, and by no means to be accounted as 
. gluttony. When amply supplied with food, man can support the most in- 
tense cold. 

88. In every muscular motion a portion of the substance of the muscle 
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moved is used up or spent. This expenditure of substance must be replaced, 
if the muscle is to retain the power of motion. Muscular movements can, 
thee 'fore, endure only for a time ; an incessant motion would be attended 
with an equally incessant consumption of substance, which would speedily wear 
out the body. Long-continupd exertion and expenditure [of muscular force 
and substance is followed in all animals by a feeling of lassitude, succeeded 
by repose or sleep. In man the average time of muscular exertion is 17 
hours per day, the remaining seven hours are generally spent in sleep. 
During the period of repose, the muscles receive a sufficient supply of fresh 
fibre for tlie consumption of the next day. Now, it will be quite obvious to 
every one that people who are called upon to make great bodily exertions, 
and who expend accordingly a large amount of muscular substance, require 
a considerable proportion of alimentary matters containing the elements of 
the muscular fibre, such as bread, meat, pulse, cheese, and similar articles. 

G. THE ORGANS OF THE SENSES. 

89. In the organs of the senses we find several of the organic formations 
such as bones, muscles, nerves, and blood-vessels, combined ; these organs 
may accordingly, in this respect, be termed compound organs. 

We distinguish five different organs of the senses, viz., the skin, the tongue, 
the nose, the ear, and the eye. 

1. The Skin. 

90. The skin is the organ of feeling. It covers the whole surface of the 
body. It consists of three different layers or membranes, viz., the shn pro- 
pet' or the vascular lager, the muscular layer, and the cellular layer or cellular 
tissue. 

a. The sicin proper forms the external covering of the body. It is com- 
posed again of three distinct layers, called respectively, the cuticle or epi- 
dermis, the rete mucosum, and the cutis, or c/iorium, or dennis. 

I'he epidenrm is a thin semi-transparent membrane, void of sensation. It 
is readily perforated with the point of a needle, or some other sharp instru- 
ment, and may thus be lifted up from the underlaying demim. In certain 
parts of the body, when the cuticle is exposed to frequent and severe pres- 
sure, it gets thickened, and forms calositm and corns, 

'Hie arc numerous minute depressions or apertures in the cuticle ; 
the hairs take root in similar depressions. We shall have occasion to return 
to this part of the subject. 

The rete mucosum lies immediately beneath the cuticle, of wdiich, properly 
speaking, it simply forms the lowest or innermost layer, which still retains its 
original moisture. This layer encloses the pigmentary matter, wdiich imparts 
to the skin its color or complexion, and diflers in the races or nations of 
different climes, being black or swarthy in the negro, copper-colored in the 
American Indian, brown in the Malay, yellow in the Chinese, colorless or 
pale in the Caucasian race. In the latter the red blood-vessels of the lower 
cuticular layer are seen through the upper layer, and impart thus to the 
surface a red coloration or complexion, os is apparent, more especially, in 
the checks and lips. 
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The cutis vera^ dermis^ or chorion^ forms the most essential part of the vas- 
cular skin ; it consists of a thick tough layer of fibres, vessels, and nerves, 
closely interwoven. It is this part of the skin, which, freed from the upper 
layer and the hair, is used as leather. 

A magnifying lens shows on the surface of the cutis an infinite number of 
minute papilke^ consisting of bundles of fine nervous filaments, which termi- 
nate in them, and constitute the seat of tactile sensation. In certain parts of 
the body, such as the palm of the hand, and the tips of the fingers, they may 
be seen in regular rows of linear elevations. 

91. (b.) The muscular layer or fibrous membrane consists of a thin layer of 
muscular fibres lying under the cutis ; in man, this fibrous membrane is met 
with only in certain parts of the body, such as the head and neck, for 
instance ; but in many of the mammiferous animals, as in the hedgehog, for 
instance (compare § 29), it is spread all over the outside of the body. 

(c.) The c^ular layer or cellular tissue forms the third — in parts lacking 
the fibrous membrane, the second — and innermost layer of the integumentary 
system. It consists of loose tissue filled with fat, and is sparingly developed 
in lean people, but amply in corpulent pei-sons. 

92. To the skin belong claws, the hair, the nails, scales, feathers^ and 
horns. 

The hairs are inserted with roots or bulbs in depressions of the cuticle. 
They grow only at the roots, iiaving neither nerves nor vessels, and may thus 
be cut offj w’ithout causing the slightest feeling of puin. The hairs arc 
hollow tubes, filled with a coloring fluid. 

The nails, scales, and feathers, may be regarded in the light of conglomera- 
tions or agglutinations of numbers of strongly-developed hairs. These 
formations are also void of sensation, and grow only at the roots. The same 
applies also to the horns ; true, in many animals the structure of the horns 
is not clearly apparent, but a careful examination of the horn of rhinoceros, 
for instance, shows most convincingly that that part consists only of 
agglutinated hair. Tlie several cuticle formations correspond also in their 
chemical composition; 100 parts of them contain 51 parts of carbon, 7 of 
hydrogen, 18 of nitrogen, and 24 of oxygen, along witli a small portion of 
sulphur. On account of the large proportion of nitrogen in them, these 
substances are extensively used in the manufacture of Prussian blue. 
(Chemistry, § 92.) 

93. The numerous capillaries diffused through the vascular skin bring 
the blood in them into very close contact with the atmospheric air, which 
indeed is kept from immediate contact with that fluid only by the thin walls 
of the capillariea and by the epidermis. But as membranes are not ab- 
solutely impermeable to fluids, a portion of the blood in the capillarios is 
being constantly exhaled through the walls enclosing it, and passes through 
the pores of the skin in the form of what is termed cutaneous exhalation or 
perspiratifM, 

The perspiration is composed chiefly of water. It contains, however, 
many voktile substances marked by a peculiar odor. The quantity of the 
cutaneous exhalation amounts to onc-fifth of the fluid excretions of the 
body. Cutaneous exhalation is essential to the health of the body ; impaired 
activity of the skin is always injurious to the body. The total suppression 
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of the cutaneous exhalation in an animal by closing the pores of the skin 
with a coat of varnish, leads speedily to the death of the animal experimented 
upon. Increased cutaneous secretion is produced by all causes which 
excite a copious flow of blood to the skin, such as a high temperature, 
powerful exertion, warm drinks, &c. The skin of the carnivora has no 
pores ; consequently these animals do not perspire, and need accordingly a 
smaller supply of water than the animals with an active cutaneous excretion. 

2. The Tongue. 

94. The tongue is the organ of the sense of taste. This organ may be 
regarded in the light of a separate and highly-developed portion of the skin, 
in which the papillm are distinctly visible, and the fibrous membrane is 
present in the shape of two strong muscles. The latter gives to the tongue 
considerable mobility, which enables that organ to afford essential assistance 
in the mastication and deglutition of the food, and also to alter the form of 
the buccal cavity in an infinite variety of ways, giving rise thereby to certain 
modifications and modulations of the vocal emissions, which it would other- 
wise be altogether impossible to produce. In this respect the tongue is to 
be considered also as a most essential part of the organ of speech. 

Only such bodies as are soluble in water affect the organ of taste. Per- 
fectly insoluble bodies, such as charcoal, flint, 4&c., are termed insipid or 
tasteless. The gustatory faculty of the tongue is aided by the contiguous 
salivary glands (§ 47), which secrete the saliva, an aqueous liquid, whereby 
most of the substances put into the mouth are partly dissolved, and are thus 
brought into a proper form to the perception of the papUlce, 

The tongue is formed in a visible shape in the vertebrate^ and also in many 
of the invertebrate^ animals. In many of the lower animals this organ is 
wanting ; still, we must not infer from the absence of the tongue in them 
the absolute want of the sense of taste. The sidcction made by such animals 
of j»articular kinds of food, is a sufficient refutation to any supposition of the 
kind ; it is well known, for instance, that caterpillars will only feed on cer- 
tain plants, passing by and rejecting others. 

3. The Nose. 

95. The nose is the organ of the sense of smell. The most essential part 
of this organ is the ethmoid bone, which consists of a great many thin 
convoluted plates, and is covered with the pituitary membrane. The latter 
is kept continually moist by the secretion of a mucus, called the nasal mucus. 
This condition of the pituitary membrane is most essential for the perception 
of odor ; dryness of the membrane, or over-abundant secretion of mucus, 
are attended equally with temporary loss of the sense of smell. Hie pituifary 
membrane, by its numerous convolutions, presents in a narrow compass 
a surface of several square feet to the influence of odoriferous substances. 

Substances only which can assume the gaseous state are perceptible to the 
sense of smell. All other bodies are termed inodorous. It is truly iisto- 
nishing wliat exceedingly minute quantities of corporeal matter are still 
perceptible to the sense of smell. A grain of musk in a room suffices to 
scent the latter, and even the whole house, and yet the most delicate bakance 
fails to detect Uie slightest loss of weight in the musk. The nose is there- 
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fore a most important organ, which reveals and indicates to us the presence 
of many things of which our senses iiiil to give the slightest intimation. It 
is a well-known fact that savages scent the smoke of a fire at many miles* 
distance ; that camels in the prirched desert smell the water at considerable 
distances, and hasten to reach it ; that the hound, guided by the scent alone, 
will follow the tracks of tlie game, or of their master: 

96. In man, the nasal cavity opens in the mouth by two passages placed 
behind the palate ; this arrangement enables us to breathe also through the 
nostrils. We find the some arrangement in the mammiferous animals, in 
the birds, and in the reptiles, but not in fishes. 

Tlie lower orders of animals have no sensible organ of smell, yet they are 
not all of them totally destitute of this sense : for example, the carrion-beetle 
evidently scents the decomposing bodies on which it preys, and it is a well- 
known fact that moths avoid strong smelling substances. 

4. The Ear. 

97. The ear is the organ of the sense of hearing. This organ exists always 
in duplicates. It consists of the outer ear and the inner ear. (See tig. 10.) 
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[This fi^rc represents a vertical section of the anditoiy apparatus, of which tho interior 
parts are slightly magnified to render them more distinct: a, the external ear; 6, the lohe of 
the ear ; c, the little eminence called anti tragus ; d, the conch of the car, the end of which is 
continuous with the external auditoi^ meatus,/; ee, portion of tlie temporal bone called the 
petrous portion, in which is lodged the auditory apparatus; e", the mustdiid jirocess of the 
temporal bone; e'', portion of the glenoid fossa of the temporal bone, in which the lower jaw 
is aracnlated ; W", the st^doid process of the temporal bone, serving for tho attachment of 
the muscles and ligaments of the os hyoides; extremity of the caual which the internal 
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ciirotid artery passes through to enter the cavity of the cranium ; /; the external meatus 
auditorius; g, the momhraiia tympani; A, the cavity of the tympanum from which tlie small 
bones have been removed ; », opening loading from the cavity of the t^mipanum to the colls 
in the petrous bone; in the inner wall of the cavity of tlie tympanum are perceived the tvi'o 
openings called respectively fenestra ovalis and fenestra rotunda; Eustacman tube, leading 
from the tympanic cavity to the back of the pharynx; 1^ the vestibule; m, semicircul^ 
canals; n, the cochlea; o, the auditory nerve.] 

The outer car (a) contracts into the outer auditory duct or passage {meatus 
awdiUnius extemus\ (f)^ which is closed by a highly elastic membrane, the 
immbram tympanic or drum of the ear {g\ behind which lies the cavity of the 
tjnnQpanum {h). This cavity is connected with the moiyth by the Eustachian 
tube (k). This connection explains the reason why persons hard of hearing 
generally listen^ with open mouth. The cavity of the tympanum holds a 
series of small bones, to which certain names have been given, in accordance 
with their respective shapes, viz. the hammer or malleus (fig. 11, a, and fig. 
,, ^ 12, c, ^/, €), the anvil or incus (fig. 11, ft, and fig. 12, ^), the os 

orbicular e (fig. 11, c, and fig. 12, /i,) and the stirrup or stapes^ 
(fig. 11,6?, and fig. 12, i). The labyrinth (see fig. 10) is com- 
posed of the cochlea (fig. 10, w); the vestibule 10, /), with 
the fenestra ovalis ; and the semicircular canals (fig. 10, m). 
^ The vestibule and cochlea are filled with an aqueous liquid, 
through which the filanientous expansions of the auditory 
nerve (fig. 10, o), are difiused. 

We have no very accurate knowledge of the exact nature 
and functions of these several component parts of the ear. 
This mucli is known, however, that the waves of sound are 
collected by the outer ear, and conveyed to tlie membrane of 
' j tympanum, which is thereby sot ui motion ; this motion is 

le .stupes. communicated through the small bones to the fluid of the 
labyrinth, and thus to the expansions of the auditory nerve. 

[This 6gure represents the external wall of the 
tympanic cavity, the luembraiia tympani, the small 
bones of the ear, and tlieir muscles, the whole mag- 
nified; fffl, border of the tympanic caAity; 6, the 
incmbrana tympani; c, the inaimbrium of ‘the mal- 
leus, with the end resting upon the membrane of 
the tympanum ; rf, the head of the malleus articii- 
<3 lating Avith the incus ; e,pnx;ess which rises below 
the neck of the malleus, and enters the glenoid cleft 
of the temporal bone : to the extremity of this pro- 
cess tho anterior muscle of the malleus is attached ; 
f inner muscle of tlic malleus ; the incus, resting 

its horizontal branch against the walls of tlie tym- 
f panic cavity, tho vertical branch articuLating with 
/i, the os orbiculare ; u tho stapes, with the apex 
aiUciilating with the orbicular bone, aud the base 
resting upon tlio fenestra ovalis ; A;, the nmscle of' 
the .stapes.] 


U. 

Malleus. 
The Incus. 



The most esseutial part of the organ of hearing is the auditory norv^e. 
ITierefore lesions of the membrane of the tympanum, and derangeuient of 
the small bones, do not necessarily entail total loss of hearing. Nay, in 
biany animals, in crabs, for instance, the organ of hearing co^ists simply 
of a vesicle filled with fluid, and on which the auditory nerve is Expanded. 

■■ ■■ 2 B 
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The mammiferous animals alone have a visible external ear. In birds 
there is a simple aperture, and in fishes and reptiles this is covered over by 
a membrane. In the lower orders of animals an organ of hearing is only 
exceptionally met with. 

5. The Eye. 

98. The eye is the organ of die sense of sight The essential part of the 
eye is called the eye-ball Fig. 13 gives a lateral view of it. Proceeding in 

our contemplation of the organ from the 
inner to the outer parts, we find that the 
inner part consists of a transparent ball, 
formed of a gelatinous substance, called the 
r. This ball is enveloped in 
three coats, tne innermost of which is the 
retina, r, on which the optic nerve, n, expimds; 
this is enclosed by the tunica choroides^ ch, 
so called from the numerous blood-vessels 
traversing it, and which impart a red tint 
to it. The anterior part of it joins the 
brown- gray- or blue-colored im, i; in the 
centre of the iris is an aperture, called the 
pupil, p, and beneath the iris are the ciliary vessels, pc. The whole of the 
inner surface of the tunica choroides is covered with a black pigment, so that 
the eye presents a small camera obscura or dark chamber, into which light falls 
only through the pupil Occasionally the pigment is wanting, in which case 
the ciliary vessels lying beneath shine through the transparent membrane, 
and impart a red color to the eye. Human beings with ey(?s of this kind 
are called Albinos ; they cannot well bear the light ; this is the case also 
with white rabbits, mice, &c., which have red eyes. 

The third and last, or outer coat, b called the sclerotica, s. This is a very 
strong white membrane, somewhat resembling porcelain in appearance. 
From its great solidity, it affords considerable protection to the eye. The 
anterior part of it, called cornea, c, is somewhat more convex than the rest, 
and is perfectly transparent. The space between the cornea and the iris 
constitutes the anterior chamber of the eye, ca, which is filled with a color- 
less transparent fluid, 

Almost immediately behind the pupil lies the crystalline tins, cr, whicli is 
formed of a gelatinous perfectly transparent substance, a little more firm and 
solid than the vitreous humor. 

These several parts of the eye may all be clearly seen in the dissection of 
a bullock’s eye ; the inspection of the crystalline lens removed from the 
latter, will show that it possesses the properties of a common convex lens of 
glass or crystal. The structure and functions of the eye (the sight), are in 
fact in every respect in accordance with the optical laws explained in the 
physical part (§ 160). 

IL CLASSIFICATION AND DESCRIPTION OF ANIMALS. 

90. The description of the animals iunounts, properly speaking, simply to 
a constant comparison of their bodies, with the body of the most perfectly 




CLASSIFICATIOK AND DESCRIPTION OF ANIMALS. 


609 


developed and the most highly organised of all animals— wan. We have 
therefore given, in the preceding sections, a brief outline of the anatomy and 
physiology of the human body. The division of the various animals into 
classes, &c., is based upon analogous deficiencies in the number, or analogous 
imperfections in the development, of their respective organs. 

We call an animal the more perfect, and place it the higher in the scale 
of our classification of the animal kingdom, the more its organs approach in 
number and development to tlioso of man. 

Of course, this principle of classification has also its difficulties, arising 
principally from the circumstance that the organs of many classes of animals 
differ widely in form, shape, and structure, from the corresponding organs 
in man. Thus, for example, the respiratory apparatus in insects consists 
of simple air tubes, or elongated air cells traversing the body, and which 
resemble the human lungs in no one 'point, except in the nature of the 
functions which they have to perform. 

From these deviations in form and structure from the common type, con- 
siderable uncertainty prevails often as to the exact nature of certain organs 
in some of the divisions of the animal kingdom, and zoologists are not always 
agreed upon the rank to be assigned in the table of classification to certain 
classes of animals. Thus, for instance, some rank the molluscs above the 
insects ; others place the latter higher in the scale. ‘ However, upon the 
whole, these differences of opinion are not very material ; at all events, for 
our purpose here it is of greater importance to learn the characters of the 
different classes of animals than to determine the rank to w’hich they are 
respectively entitled in the table of classification. 

At present, about 48,870 genera of animals are known, which have been 
more accurately described ; but it may be assumed that the number actually 
existing is not fewer than 88,000 ; and the addition of the extinct genera 
discovered in petrefactions swells the number to above 100,000. * It has been 
already stated (in § 25) that we divide the whole animal kingdom into two 
principal groups or sub-kingdoms, viz., animals that have no vertebral 
column, invertebrata ; and animals with a vertebral column, verteh'ata. 

Each of these two sub-kingdoms is divided into classes ; the classes again 
are divided into ordei's^ and these latter into families of tribes ; these again into 
genet'a^ the genera into species^ and the latter finally into varieties. 

It is obvioiis that even a mere general description of this immense num- 
ber of living creatures would far exceed the limits of works of much larger 
bulk and higher pretensions than this elementary treatise on the subject. 
It will be readily understood therefore that we must confine ourselves here 
to mere outline indiciitions of the general characters of the principal classes 
and orders, and to a simple enumeration of some of the more important 
animals in, them as types and examples. 

The following tabular view embraces the whole animal kingdom arranged 
in classes and orders : — 
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Tabular View op the Ahihal Kinouoh. 

A. — ^Vebtebbata. 

Brain and spinal marrow enclosed in bony cases; red blood; vascular 
system, consisting of arteries, veins, and lymphatic vessels. 


Classes. 

1. Mamraalia. 

Red, wann blood; heart with two auricles and two 
ventricles ; lungs ; producing their young alive, and nourish- 
ing them with their milk; body hairy, with few exceptions. 
Number of known genera ■=* 1,500. 


II. Aves (Birds). 

Red, warm blood; heart with two auricles and two 
ventriiles ; lungs ; lay eggs ; body covered with feathers ; 
anterior members, w^ings. Number of known genera = 
6 , 000 . 


III. Amphibia (Reptlks). 

Red, cold blood ; heart with two auricles and with a 
simple or imperfectly divided ventricle ; breathe through 
lungs, and partly through gills; lay eggs; skin scaly or 
naked. Numlxir of known genera = 1,600. 

IV. Pisces (Fishes). 

Heart with one auricle and one ventricle ; red, cold 
blooti; breathe through gills ; lay eggs; have members 
adapted for swimming (fins), and a sedy skin. Number 
of genera = 5,000. 


Orders. 


1. Bimana. 

2. Quadrumnna. 

3. Cheiroptera. 

4. Carnivora. 

5. MarBU])ialia. 

6. Rodentia. 

7. Edentata. [g^nla. 

8. Pachydermata stu imiltim- 

9. Solidungula. 

10. Ruminantia. 

11. Pinnipeda. 

12. Cetacea. 


1. Raptores. 

2. Inscssores. 

3. Rasores. 

4. Cursorcs. 

5. Grallatores. 

6. Natatores. 


1. Chelonia — turtles. 

2. Sauria — lizards. 

3. Ophidia — snakes. 

4. Batrachia— fix)gs. 

■X- 


1. Plagiostoini. 

2. Eleutherobranchi. 

3. Cyclostomi. 

4. Pectognathi. 

5. Lophobranclii. 

6. Malacopteiygii. • 

7. Acanjtliopterygii. 
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Tabular View of the Animai Kingdom — continued. 


B. — Invertebbata. 

No brain nor spinal chord; nervous centres or ganglia, connected by 
medullary chords ; or a simple nervous filament ; or no discernible traces of 
a nervous system. 


Classes. 

Orders. 

V. Cmstacea,. 


Articulated members ; more than three pairs of feet ; 
mostly two feelers (antenna!) ; eyes mostly compound; 
gills or respiratory vesicles. 

1. Decapoda. 

2. Stomapoda. 

3. Amphipoda. 

4. Laemodipoda. 

5. Copepoda. 

0. Isopoda. 

7. Phyllopoda. 

8. Lophopoda. 

9. Parasita (Syphonostoma. 

Lemoiida, Aranciformas). 

VI. Ineecta (Insects). 


Head separated from the thorax ; articulated members ; 
three pairs of feet ; one pair of feelers (antenna!) ; eyes 
compound; pulmonary tubes ; undergo certain metamor- 
phoses. 

1. Colooptera. 

2. Ilcmiptcra (Heteroptcra). 

3. Orthoptera. 

4. Neuroptera. 

5. Lepidoptera. 

6. Hymenoptera. 

7. Diptera 

VII. Arachnida (Spiders). 


Head iinited with the thorax ; generally four pairs of 
limbs ; siinple eyes ; no feelers ; breathe through pulmonaiy' 
sacs and air tubes ; undergo no metamor()hosis. 

1. Pulmonarla. 

2. Trachearhu 

\ 

VIII. AnTieiida (Worms). 

Body mostly dongated, conipo.sed of a succession of annu- 
lar segments; i^articidated members; respiration by gills; 
geiicndly red blood ; aquatic (with few exceptions). 

1. Dorsibranchiata. 

2. Tubicola. 

3. Terricola. 

4. Suctoria. 

TX. MoUusca (Mol/usks). 


Body soft, witli spongy, clastic, slimy skin, mostly 
loosely applied to the organs coiitnliicd in it ; complete 
vascular system ; mostly eiielosed in one or two calcareous 
shells. 

1. Ceph<alopod;u 

2. Pteropoda. 

3. Heteropoda. 

4. Gasteropoda. 

5. Brachiopoda. 

6. Conchifera. 

7. Tuiiicata. 

X. Entozoa. 


Bodies soft and transparent, greatly vaiydng m shape 
and structure ; no tcutaculu! ; live in other animals. 

1. Sterilmintlin. 

2. Cadclminth;u 

3. Cystiformes. 


2 B 2 
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Tabular View of the Animal Kingdom — mUinued. 


Classes. 


Orders. 


(The following three classes — XI., XII., and XIII. — 
form the subdivision ILvdiata, which is characterised by 
a regular disposition of simUar parts around a common 
centre.) 


XI. Echinodermata. 

Body enclosed in a coriaceous or calcareous integument ; 
intestinal tube attached to the inner walls of the shell by 
a fold of the lining membrane ; marine animals ; power of 
locomotion, though very limited in some of them. 


1. Fistulida. 

2. Echinida. 

3. Asteroida seu Stcllcrida 

4. Criuoidea. 


XII. AcaUphce, 

Marine animals with gelatinous pellucid bodies; vessels; 
tcntacula; traces of nerves ; a certain degree of locomotive 
power. 


XIII. Polypifera. 

Body gelatinous or fleshy, mostly attached ; consisting 
in some orders entirely of a simple digestive bag or sac ; 
in some orders provided with a homy or stony skeleton ; 
the mouth surrouude<l by a greater or less number of radi- 
ating tentacula ; uicreasing by germs and buds. 

XIV. Infusmna. Polygastrka. 

Body gelatinous, pellucid ; numerous stomachs ; mouth 
mostly fringed with cilia; no indication of nerves; micro- 
scopic animals ; most of them move freely through their 
native element, but some attach themselves to a solid base. 


1. Pulmonigrada. 

2. Cilograda. 

3. Physograda. 

4. Cirrigrada. 

5. Dipbydn. 

1. Actiniai, or Sea anemonics. 

2. Lithophytes, or stony corals. 

3. Kcratoph>^Gs, or homy 

flexible corals. 

4. Pennatulaj, or Sea-pens. 

6. Hydne, 

1. Anentern, without an intes- 

tinal canal. 

2. Entorodda, with an inte.s- 

tinal canal. 


A.— VERTEBRATA. 

100. The presence of an internal skeleton, composed of bone or cartilage, 
and forming a case or envelope to the nervous centres, constitutes the distin- 
guishing characteristic of the animals belonging to this sub-kin|dom. 

The size and bulk also of the vertebrata mark the higher ranF which they 
occupy in the scale of creation. The great number and variety of their 
organs require a larger space than is occupied, by the bodies of most of tlie 
invertebrate animals. The smallest of the vertebrata still exceed an inch in 
length, and even the more minute of their organs may still be clearly dis- 
cerned with the naked eye. They are greater in comparison to most of the 
animals of the invertebrate series. In nuniber and variety^ however, they are 
far surpassed by the latter group. 

The affinities and relations in which the vertebrata stand to man are 
much more direct and infinitely more striking and important, than can 
he said with respect to any of the inferior orders of animals. The use- 
fulness of the vertebrate animals to man in an infinite variety of ways, 
amply compensates for the injuries sometimes inflicted by some of them ; 
moreover, their ravages are usually much more easily guarded against, than 
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are the depredations committed by the infinitely small animals of many of 
the lower orders. 

The vertebrata are divided into four classes, viz., immmalia^ birds, rutiles, 
and fishes. 

First Class. Mai«malia. 

101. This class comprises the most highly developed of the vertebrata; 
they differ in many respects from the other three classes of vertebrate 
animals, but more particularly in this, that they bring forth their young 
alive, and nourish them during the earliest period of life. In the im- 
mense majority of them the body is covered with hair, which in some is 
agglutinated into prickles or brisdes, and in some others into scales ; in a 
tew the skin is completely bare, or, at all events, shows only a few scattered 
hairs. The organs of the senses are highly developed in the mammalia ; the 
immense majority of them are provided with an ear, though in some of them 
this is very small or even altogether rudimentary. The vertebral column is 
flexible in the mammalia, and the neck has, with few exceptions, seven 
vcrtebrce. There are four members ; the number of toes varies, some having 
five, others four, or three, or two, or even a single toe. The trachea is 
provided with the epiglottis, as in man ; however, the sounds omitted are 
by no means melodious, but mostly harsh, shrill, or hissing. 

In the development of the organs of sense, of the bram, of the nervous 
system in general, and of the muscular system, the mammalia stand next to 
man, and so likewise, in regard to their intellectual powers. This class is, 
therefore, unquestionably of all the divisions of the animal kingdom, the one 
which interests us most. Besides that they supply to us an infinite variety 
of useful materials, in their flesh, fat, blood, hair, bones, skins, bowels, &c., 
many of them are from their compiuratively high intellectual development, 
peculiarly adapted to assist man in many of his labors, and some of them 
even to become his companions and friends. 

The subdivision of the mammalia into orders rests principally upon the 
differences which the animals exhibit in the conformation of their limbs, and 
of their apparatus of mastication. 

In reference to their position in the mouth we distinguish betw-ecn ff'mit 
teeth and bach teeth ; the front teeth are the incisors and the canine teeth ; 
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the back teeth are called molar teeth. The two pairs of the latter, which are 
situated more in front, adjoining the canine teeth, are usually termed pseudo- 
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.j^mclarSy or small grinders; these latter are altogether absent in many 
animals. The teeth differ in structure; thus, the front teeth are com- 
pletely covered with enamel, whereas in many of the mammalia, in the 
ruminantia, for instance, the summits of the back teeth are not so covered, 
but present simply crescent-like ridges of enamel (see fig. 14), as that 
substance is worked in with the other constituent materials of the teeth, 
which consist of alternating plates of enamel^ ivory, and cementum, or 
bony substance. In some other animals, in the elephant, for instance, the 
molar teeth are formed of alternate vertical plates of enamel, bone, and crusta 
petrosa, arranged transversely to the jaw ; the summits of these teeth present 
the appearance illustrated in fig. 15. In many animals the molar teeth have 
rounded or tuberculated summits, in others they are raised into sharp points 
and edges. The former is the case in the human species, the latter in the 
canidsB and felidas. 

The limbs present great differences of conformation, according to the 
different purposes vrhich they are intended to serve in the several classes 
of animals, (prehension, running, leaping, digging or burrowing, swimming). 
The tore-legs often differ very considerably from the hind-legs. The foot of 
the animal is called hand, when it is so constructed that one of the fingers is 
opposed to the rest ; in the contrary case, it is called paw. The points of the 
fingers or toes are either covered with flat or curved nails, or they terminate 
in sharp curved claws, or finally, they are enclosed in a hard hoof 

The immense majority of mammalia are terrestrial animals. Some orders 
of the mammalia live exclusively on plants, and bring forth young, covered 
with hair, and endowed with sight at their birth, but which continue to 
suck for a long time; others feed on flesh alone, and^Wg forth young, 
naked and blind at their birth, but which suck only time ; a tliird 

group, Anally, live both on animal and vegetable subst^^S* 


Classification of the Mammalia. 

■ 


A. Fore and Hind Legs fully developed. 

B. Fore and Hind r.ieg8 imix;rfectly 
developed. 

Separate Fingers terminated by 
distinct NaiL or Claws. 

Fingers more or less 
consolidated, and 
enclosed at their 
extremity in a hard 
hoof. 


WHh Incisors, 
Canines, and 
Molars. 

' ■ 

Deficient In one or 
several of the Three 
kinds «r Teeth. 

W'ith Strongly 
deveio])e(l Molar 
Tccjth. 

Teeth like the 
Curnivora. 

Mostly conical 
Teeth of simple 
stnictun;, or 
Baleen Plates. 

1. Jlimana. 

2. Quadrvimana. 

3. Cheiroptera. 

4. Carnivora. 

>5. Marsupialia. 

6^ Kodentia. 

7. Edentata. 

8. ^laltungidu, or 
Pachydermata. 

9. Solidungula. 

:10. Puminantia. 

l 

11. Phocidai s. 
Pinnipedii. 

12. Cetacea. 
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First Order. Bimaxa. 

102. This order is constituted by the human species only {Homo sapiens). 
In the ^general structure of his body, man may be said to resemble the other 
mammalia ; and indeed, as we have already stated, the human body gives 
us the standard of comparison for the bodies of all other animals ; but his 
reason and the gift of speech elevate man immensely above the rest of the 
animal kingdom, and constitute him its sovereign ruler. Among the dis> 
tinguishing characteristics of man, and which widely separate him even from 
those animals that otherwise approach him nearest in structure and organis- 
ation, we may mention here also more particularly his erect attitude, the 
bareness of his skin, the greater flatness of his nails, the equality in the 
length of all his teeth, and the close ranging together of them in both jaws ; 
and last, though not least, the peculiar conformation of his hands, and the 
restriction of their number to two^ whereas the monkey tribe have 

Notwithstanding the strongly-marked distinctions presented by individuals 
of different zones and climates, we look upon all the different races of man 
simply as varieties of one and the same species which have arisen in course 
of time, and under the influence of peculiar circumstances. 

The human species is usually divided into five races, viz. : — 

1. The Caucasian race: fair complexion; soft hair of all shades, from 
auburn or light brown to jet black ; small, oval face ; arched brow. This 




[Caucasian.] 


[Mongolian.] 


race, which we consider the noblest and most perfect, includes all Europeans, 
the inhabitants of Western Asia, of North Africa, and of the regions of the 
North Pole. 
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2. Tfae Mongolian race: complexion yellow or ta^vny; thin, straight, 

black hair; fiat, broad face, with promi- 
nent cheek-bones; nose small and flat; small- 
set eyear To this race belong the ii^habi- 
tants of Central Asia, the Kalmuks, Kirgises, 
Mongols, Chinese, &c. 

3. The Afi'ican or Negi'o race : sable skin 
of darker or lighter hue ; woolly, crisp, black 
hair ; small head, with prominent jaws, and 
receding forehead and chin ; flat nose ; thick 
lips, and projecting muzzle. To this race 
belong the inhabitants of the greater part of 
the African continent. 

4. The American race: clay -colored 
skin, or coppery complexion ; low forehead ; 
prominent cheek-bones; sleek, black hair. 
This race comprises the aborigines of 
America. 

5. The MaUxg race : brown complexion ; curly black hair ; flat nose ; 
forehead somewhat prominent. To this race belong the Malays proper, and 
the aborigines of the South Sea islands. 

Second Order. Quadrumana. 

103. Of all animals, the Quadrumana approach nearest to man in form 
and organisation. They have all three kinds of teeth, and the eyes directed 
forwards; but their most distinguishing characteristic is the opposable 
thumb on both pairs of extremities, which converts f^aeiir four feet into 
hands, giving to all four equally the power of prehenslp^v On the other 
hand, the erect attitude is not natural to them as it is fe man, since, from 
the absence of the arch, which constitutes the sole in the latter, they cannot 
stand firnily on their posterior limbs. The Quadrumana inhabit only the 
warmer regions of the earth. They live social^ together among the woods 
— with the exception, however, of the babooni, which live for the most part 
among rocks and mountains — mostly in trees, which they climb with 
amazing agility. Many of them (the Monkeg tribe) avail themselves of their 
long and pow'erful tail in climbing and in leaping from tree to tree, often 
suspending themselves by twisting this muscular organ around the branches. 
They live principally on fruit, but in confintsraeut they speedily begin to 
relish animal food, more particularly eggs and pastry. Many of them prey 
also on insects. Although the conformation of their body, and their great 
muscular power, would seem to fit them for many useful labors, yet only 
a few of them — vlz.J Hhe Ape tribe, and even these only when young — can 
be rendered any way serviceable to man. The monk^ and baboon tribes 
are characterised by cunning, petulance, caprice, and a most mischievous 
disposition ; the ijiah^n8:^ore particularly show^n amount of sullen ferocity, 
coupled with a" consparative absence of intelligence, which renders them 
•nearly altogether untameable. The Quadrumana pf'esent an extraordinary 
variety of species, many of which are but imperfectly known. ^ But the whole 
order would seem to be most properly subdivided into three families, viz., 
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1. the Smiadas^ which includes the apes, 'monkeys, and baboons of J;he Old 
World ; 2. the Cebidce^ or monkeys of the New World, marked by partial or 
complete absence of the thumb upon the hands, the presence of an additional 
molar* tooth in either side of each jaw, and a 
long tail, which serves them as an additional 
organ of prehension ; and, 3. the Lemurs (Le- 
muridse), which have thumbs on both pairs of 
extremities, while the teeth are less regular both 
in form and number than in the other two 
families. Some of the order Simiadae bear a 
close resemblance to the human form and face ; 
we may mention the orang-outang (Simla sa- 
tyrus), a native of Borneo and Sumatra, which 
reaches a height of from six to seven feet ; and 
the Chimpanzee (Simia troglodytes), (fig. 16), 
wliich grows somewhat above four feet high ; 
these apes have no caudal appendage. They 
Jiave given occasion to many fabulous stories of 
wild men of the woods. The Javanese assert 
even that they can speak, but that they con- 
ceal this faculty lest they should be made to 
work by man. To this family belong also the 
long-armed apes, gibbons (Hylobates iar), and 
the caudate species ; for example, the D<mc^ or 
Cochin-China monkey (Semnopithecus nemasus), 
which is remarkable for the singular variety of 
its colors; the green monkey ( Cercopithecus 
sable us) ; and the long-tailed monkey. Of the genus Papio^ which belongs 
also to the Simiadro, we may mention the Magct (Papio inuus), which is 
commonly known as the Barbary pr showman’s ape. This is remarkable as 
being the only one of the quadrumana which is at present a regular inhabi- 
tant of Europe (on the rock of Gibraltar). Of the genus Cynocephalus^ or 
dog-headed baboon, we may mention here the Gray baboon (Cynocephalus 
hamadryas), and the mandrill (C. maimon), with its strangely painted head. 

The most obvious character which distinguishes the Cebidw, or monkeys 
of tlie Now World, from the Simiadee^ is the lateral or outward direction of 
the apertures of their nostrils, which in the Simiadro are directed downwards 
or ibrwards. In some of them the tail is not only an organ of prehension, 
but also of touch, the end of it being destitute of hair, and furnished with a 
sensitive skin; this is the case more especially with the spider monkeys 
(Ateles), and the howling monkeys (Myceti). In the genus Cebus^ which 
comprises the monkeys known as Sapajous, Sajous, and CapucinSy the tail is 
covered with fur to its extremity, which deprives it of its delicacy as an 
organ of touch. Of the other genera of the Cebidie, we may mention the 
ISagoin, or squirrel monkey (Callithrix sciurea), the DouroucouU, of nocturnal 
habits and with cat-like movements, and the oustiti, or marmozet (Flapale). 

The Lemuridw are confined to the Old World ; they associate in troops, 
and live on fruits and insects ; the habits of most of them are nocturnal, for 
which they are adapted by the large size of their eyes. Pig. 17 represents 
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the white-fronted lemur. We may mention here besides, the loris or slow 
lemurs; the otolicnus or galago^ which has large membranous ears like the 



17 . 


bat; and the galeopithecus or flying lemur ^ remarkable for an extension of 
the skin between the anterior and posterior limbs on each side, and also 
between the two posterior limbs, including the tail. 

Third Order. Cheiroptera {the Bat Tribe), 

104. These animals bear considerable resemblance to the muridoe or mouse 
family, from which they are, however, widely distinguished by a thin naked 
membrane, continued from the skin of the body, and spread over a species 
of umbrella framework, constituted by the lengthened bones of the anterior 
members, and more especially of the fingers. This membranous expansion 
is^attached also to the hind limbs, which assist in keeping it extended ; it 
gives the animal the power of flight. Concealed during the day in the 
hollows of trees, the crevices of masonry, and the chinks or fissures of rocks, 
the animals of this tribe come forth at twilight from their hiding-places, in 
search of their insect prey, which they secure with remarkable dexterity. 
Some species, found only in hot countries, subsist on the blood of other 
animals; and a few of them live on fruit. The most remarkable families of 
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the bat tribe are — the RHiNOLOPniDjK {mse-leafhais)^ of which the best known 
are the greater and lesser horse-slwe batSj so called from the peculiar of 
the front of the nose-leaf ; and the Megaderms of Africa and the Indian 
Archipelago, which are remarkable for their enormous nose-leaf and very 
large pair of ears ; — the Phyllostomidje are also characterised by a nose- 
leaf, but of less complicated 
structure than the Rhinolo- 
PHiDiE. They are for the 
most partinhabitantsof South 
America ; to this family be- 
longs the genus Desrnodus, 
which includes the True 
Vampyres; tliough the name 
Vampyre is usudly attached 
to another species, of which 
the vampyrus spectrum is the 
most distinguished representative. It is of these animals that so many 
marvellous stories have been related ; — the Vespertilionid.®, among which 
we mention the fiitter-mouse^ or common hat (Vespertilio pipistrellus) ; the 
Plecotus auntm, or long-eared hat (fig. 18), the VesperUlio munnus^ or mouse- 
colored hat ; the Noctule, or red hat (Vesperiilio noctula). 

The bats of the ftugivorous section are inhabitants of the East Indies, 
Africa, and Australia. One of the most remarkable species of this section 
is the Java Eoussetie (Pteropus Javanicus), a bat with a fox-like head, and 
an enormous expanse of wings (no less than five feet). The largest of the 
Pteropidao is the hlack roussette ((Pteropus eduius), which is of the size of a 
small dog ; its llesh is eatable. 

FouRTn Order. Carnivora (die Carnivorous Tnhe), 

105., A large group of animals which prey upon the rest of the animal 
world. They are to this end provided with claws, and a powerful dental 
apparatus. Tlie order is divided into three suborders, distinguished by the 
nature of their food, and the corresponding organisation of their dental 
apparatus; viz., the insectivora^ with their teeth raised into conical and 
pointed tubercles ; the carnivora pi'oper^ with sharp, cutting, molar teeth ; 
and the lierhi-carnivora^ which subsist on a mixed animal and vegetable diet, 
and are accordingly provided with tuberculated molars. 

The insectivora apply the sole of the foot to the ground ; in size and in their 
mode of life, most of them resemble the Rodentia, Among the animals be- 
longing to this suborder, we mention the hedgehog (Erinaceus), chai'acterised 
by its prickly skin, in which it rolls itself up into a compact round ball ; it 
remains rolled up in its retreat during the day, sallying forth at twilight in 
search of insects, slugs, frogs, toads, mice, snakes, &c.; the common shrew (Sorex 
araneus), and the pigmy shrew (S. pygmeeus), the smallest of all quadrupeds. 
They both dwell in burrows ; the body of the shrew exhales a faint musky 
odor, which makes these animals distasteful to cats. The common mole (Talpa 
europaja), is characterised by its broad, hand-shaped fore-paws, provided 
with powerful claws, and by which it is enabled not only to dig through the 
soil, and cut through the roots or other obstacles opposing its progress, but 
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also to throw backwards the earth removed at each stroke. It feeds on 
larvae and earth-worms. The small mounds of earth thrown up by this use- 
ful little animal, and which are so well known as mole-hills, prove sometimes 
annoying, more especially on meadows ; but they do little harm if they are 
at once levelled again with the ground. 

The eyes of the mole are so small and so little developed, that their very 
presence was formerly called in question. The blind mole of the Cape 
(Talpa coeca) is completely blind. Hie Chrysochloris^ or Talpa inaurata of 
the Cape, is remarkable for the metallic lustre of its fur. In the Condylura^ 
of North America, the termination of the nostrils is surrounded by moveable 
cartilaginous points that radiate like a star when expanded. 

The true carnivora are characterised by the nature of their teeth, which 
are formed for seizing, cutting, and tearing animal flesh. The dental 
apparatus consists of six incisor teeth in each jaw ; the canines, which in the 
greater number of them are large, strong, and pointed; the molar teeth, which 
are usually from four to seven in number, and are of three different kinds, 
viz., fake molars^ which immediately follow the canines, and are more or 
less pointed ; the large carnivorous tooth, which follows the false molars, and is 
especially adapted for tearing animal flesh, by the form of its summit, which 
is raised into a cutting edge ; and the tuberculalcd molars, which are the last 
or hindermost. 

The carnivora are- divided into several families differing in their structure 
and in their mode of life. 

The animals of the Ursine family are plantigrade in their walk ; the 
tvberculaled molars predominate in them, and the carnivorous tooth is of 
much less size and sharpness than in the animals of the cai tribe. They 
have short, massive limbs, and .a heavy gait ; the larger and more northern 
species live almost exclusively on animal food ; the smaller species, of warmer 
regions, subsist almost entirely on vegetable food, though generally they do 
not disdain smaller animals, eggs, &c. None of the animals belonging to the 
Ursidee can be said to be of any great utility to man. The typical genus of the 
family is the Ursus, or Bear. The animals of this genus are completely plan- 
tigradejn their walk, and can rear themselves on their hind-legs ; among them 
we mention : the white polar bear (Ursus maritimus), which lives amidst the 
snow and ice of the arctic regions, and feeds on seals and fish ; the black 
bear, or American black bear (Ursus Americanus) ; the brown bear (Ursus 
arctos), which used in former times to be publicly exhibited by bear-leaders. 
This animal passes the winter in caves, earth holes, or hollow trees, in a 
state bordering on torpidity. The raccoon (Ursus lotor) has the singular 
custom to dip its food in water before tasting it. Among the smaller species 
of the family we mention the coati or nasua, and the ailurus or panda, an 
inhabitant of the Himalayan ridge. 

The animals of the family Mustelidce, or vermiform carnivora, are charac- 
terised by the shortness of their legs, and the elongation, slenderness, and 
flexibility of their bodies. Though of comparatively small size, they arc as 
sanguinary in their propensities and habits as even the largest of the carnivora. 
Among the members of this family we mention: the badger (Meles), which digs 
for itself a deep and well-formed domicile in the ground, from which it sallies 
forth at night in search of its food, which consists of roots, earth-nuts, fruits, 
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and eggs, and also small mammals the glutton (Gulo) of the northern 
regions of the Old and New World, which is erroneously supposed to be an 
enormous feeder; the skunk (Mephitis), which inhabits the West Indies and 
Java, and is remarkable for the intolerable odor of the secretion from its 
glandular pouches. The following supply us with some of the most beautiful 
furs : the i}ole-cai (Mustek putorius) ; the ferret (Mustek furo), which is 
employed to hunt rabbits; the ermine (Mustek erminea); the common 
weasel (Mustek vulgaris) ; the common marten (Mustek martes) ; the sable 
(Mustcla zibellina) ; and the otter (Lutrum), an aquatic animal, with naked 
soles, and webbed and spreading toes. 

Of the Viverridoe^ we mention : the ichneumon of Egypt (Herpestes ichneu- 
mon), a most useful animal, which serves more especially to restrain the 
multiplication of the crocodile, by devouring its eggs, and also the young 
crocodiles newly hatched ; it destroys also small reptiles, rats, mice, &c. ; 
and the civet or viverra (Viverra zibetha), which yields civet^ a perfume of a 
powerful musky odor. 

Among the Canidee^ or dog tribe, we mention the fox (Canis vulpes), re- 
nowned for its cunning; the arctic fox (Canis 
lagopus); jackal (Canis aureus); the 
voracious wolf (Canis lupus), long extinct 
in this country, but still found on the Con- 
tinent, and more particularly in the north- 
ern parts of Europe, and also in northern 
Asia; and the domestic dog (Canis fami- 
liaris), of which there are an extraordinary 
number of varieties or breeds. The 
dog is remarkable for its sagacity and rea- 
soning powers. Some of the breeds are 
trained to hunt, or to point or set at game ; 
others to guard the flocks, or to watch premises, The dogs of St. Ber- 
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nard, which are trained to rescue unfortunate travellers lost in snow-drifts, 
afford ah admirable instance of canine sagacity and gentleness. 

The hyena (fig. 19), which preys on carrion, and even digs up dead 
bodies from the grave, forms the connecting link between the dog tribe, 
or CanidoB^ and the cat tribe, or Felidce, To the latter belongs the king 
of animals, the lion (^Felis leo\ which is restricted to the interior wilds of 
Africa, and to some parts of Asia. The tiger (Felis tigris), a still more for- 
midable animal than the lion, is confined to Asia. The panther (Felis par- 
dus), fig. 20 ; the leopard (F. leopardus) ; the ocelot (F. pardalis) ; and the 
jagimr (F. onca), the most dangerous of the American felines, are re- 
markable for their beautiful spotted skins. The A merican lion, or puma, 
is only an indifferent representative of the royal lion of Africa and Asia. 
The domestic cat was formerly erroneously supposed to be a descendant of 
the wild cal (Felis catus.) The lynx (Felis lynx) has the ears tufted with 
pencils of hairs. 

Fifth Ohder. Marsupialia. 


106. The animals of this order belong exclusively to the tropical regions 
of America, to the Sunda Islands, and New Holland ; most of them attain 
the size of rats or hares, some reach a larger size. Most of these animals 
have a pouch at the lower part of the abdomen, in which they carry their 
young about with them for several weeks. The young are born in a very 
undeveloped state. In many of the animals which we are going to enumerate 
here, the pouch is almost entirely wanting, being indicated only by a slight 
fold of skin ; but the general conformation of the osseous frame, and more 
particularly of the pelvis, shows them to belong to the order Marsupialia. 
Some of these animals subsist on vegetable food, others resemble in their 


^ habits and mode of life the mai'tin and 

the weazel. To the former belong the 
phascolarctos or koala, which cairies its 
young, when it has left the pouch, on 
its back for some time ; the great kan- 
garoo (Halmaturus) (fig. 21), which 
attains the size of a roe, is the largest 
animal of New Holland ; the kangaroo- 
hare and the kangaroo-rat 
. The carnivorous marsupialia produce 
several young at a time, and some of 
‘jl. them carry their young on the back. 

We notice the following : the dasyurus 
or ursine opossum ; the opossum or didelphis, which is restricted to America, 
where it proves a great nuisance to farm-houses, by destroying poultry and 
other domestic birds. The female opposum bears its young fifty days in its 
pouch, and afterwards some time on the back. The opossum (Di- 

delphis marsupialis) attains the size of a rabbit. The petaurua or Jlying 
pkalanger^ has the skin of the body extended between the anterior and pos- 
terior limbs on each side for some distance beyond the flanks ; forming a 
kind of sustaining parachute, which aids the animal in its long leaps. 
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Sixth Obder. Eodentia {Gnawers). 

107. This order is subdivided into several families, such as the Sciuridce^ 
Muridce^ &c. 

The animals belonging to the SciuridcB or squirrd tribe^ are most of them 
graceful and agile, and live principally amongst trees, and in hollows of 
trees, a few only burrowing amongst the roots. Their food consists chiefly 
of nuts, acorns, &c., or fruit, and in the spring, of buds and young shoots. 
We notice the climbing rat (Isodon), the marmot or mountain rat (Arctomys), 
the dormouse (Sciurus glis), the squirrel (Sciurus vulgaris), the pteromys or 
flying squirrel (Sciurus volitans). 

The animals of the family Muridce are all of them of small size ; most 
of them live under ground in burrows, whence they issue forth at night in 
search of their food, which consists principally of grains and roots, but also 
of animal substances. Their fecundity is astonishing. The young •Ste born 
blind. Among the animals belonging to this family we notice the blaoh rat, 
or old English rat ; the brown rat, which is commonly known as the Norway 
?'at, though it has really no claim whatever to that title ; the pouched rat 
(Mus bursarius); the common mouse (M. musculus); the beautiful little 
hai^est mouse ; the long-tailed 
field mouse; the hamster (Mus 
cricetus), which gathers immense 
stores of grain. To the family 
Arvicolm or Voles, which is dis- 
tinguished from the Muridce by 
a peculiarity in the teeth, in- 
dicating an alfinity with the 
<7as<on(/ce, belong the short-tailed 
field mouse (fig. 22) ; the water- 
rat (M. amphibius); and the 
lemming, or migratory rat, of Northern Russia and Siberia (Mus decumanus). 

The jerboa or dipus forms an intermediate link between the squirrels and 
the rats ; this animal is distinguished by the enormous development of its 
hind- legs and tail, which enables it to take prodigious leaps. It bears, in 
this respect, considerable resemblance to the Macropodidx (long-footed), or 
kangaroo tribe. 

The family ChinchillidcB consists of a number of small South American 
rodents, highly valued on account of their fur ; of these we mention the chin- 
chilla (Chinchilla lanigera), which may be considered the type of the family. 

Of the Leporidee, or hare tribe, renowned for their fine-flavored flesh and 
beautiful fur, we notice the rabbit (Lepus caniculus) and the hare (Lepus 
timidus). 

The most important animal of the castoridoe, or beaver tribe, is the heaver 
(Castor fiber), which may be regarded as the type of the family. This 
animal differs from all other rodentia by its horizontally-flattened, nearly 
oval-shaped, scaly tail, and webbed hind-feet. It dwells on the banks of rivers, 
where, if not molested by man, it constructs its remarkable habitation in the 
shape of a baker’s oven, and with an entrance under water; if molested by 
man, it takes to burrowing. The beaver is pursued for its fur, which 
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being peculiarly adapted for felting, is extensively used in the manu- 
facture of hats ; and ^so for a peculiar odoriferous secretion, termed castor, 
which was formerly much used in medicine, but is now chiefly employed by 
perfumers. It has nearly disappeared from Europe, but abounds still in the 
northern parts of Asia and America, though even there its ranks have been 
considerably thinned by the injudicious exterminating pursuit that has been 
carried on against them. 

The porcujnne (liistrix cristata), a burrowing, solitary, nocturnal animal, 
which is met witli in the south of Italy, in Sicily, Spain, and Barbary, forms 
the type of the HystnddcB or Acukata, or porcupine tribe. 

To the CavidcEf or Guinea-pig tribe, belong the cavg (Cavia); the Guinea- 
pig, or cobaya, which was introduced into Europe shortly after the discovery 
of South America, and has now become quite naturalised ; the agouti, which 
in the length of its hind-legs resembles the Leporidce; and the capybara or 
hydrochosrus, which is of the size of a small pig. 

Seventh Order. Edentata. 

108. The animals belonging to this order are characterised by the absence 
of teeth in the front of the jaws, and the imperfect development of the 
molars, which are destitute of enamel and of distinct roots. A small section 
of the group (the ant-eaters and pangolins) are altogether toothless. Their 
toes, which approach the ungulated structure, are armed with sharp claws. 
The true edentata are characterised by the total absence of teeth, and by 
tlieir long, slender, and extensible tongue, which is moistened by a viscid 
secretion which enables the animal to secure its insect prey. Of this family 
there are two genera, viz., the great ant-eater (Myrmecophaga), and the 
manis or pangolin. 

The family tardigrada, which belongs to this order, contains only a single 
genus, viz., the hradypus or sloth, an animal which has been most erroneously 
looked upon by naturalists as one of nature’s most imperfect creatures, the 
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truth being, that this animal is most admirably adapted for the mode of life 
it is intended for by nature, viz., under the branches of trees. Placed upon 
the ground, indeed, the sloth is a slow-moving and most awkward-looking 
animal, but in a tree it moves with great ease and rapidity. There are only 
two species of sloth known, viz., the m, or three-toed sloth, of which there 
are two varieties ; and the unauy or two-toed sloth. 

The water mole^ or duck-billed platypus (Ornithorhyncus paradoxus), (see 
fig. 23,) and the echidna^ or porcupine ant-eater^ constitute a distinct sub- 
order of the Edentata (or more correctly of the subclass of Ovo-viviparous 
mammalia^ which is constituted by this order and the Marsupialia). This 
order is termed Monotremata, from the circumstance that the oviducts, 
the urinary duct, and the intestines, 
terminate all of them in a common 
canal or cloaca, in which peculiar 
conformation of the reproductive ap- 
paratus tliese animals show a near 
approach to the class of birds. The 
.C)rnithorhyncus is exclusively con- 
fined to New Holland and Van Die- 
men’s Land, the Echidna to Australia, 

Van Diemen’s Land, and the islands 
of Bass’s Straits. 

To the family loncata (scaly animals), of the same order, belong the 
aiinadillo (see fig. 24), and the 2)khiciago (Chlamyphorus truncatus), charac- 
terised by the scaly integument of their bodies. 

Eighth Order. Pachydermata* seu Multungula. 

109. This order derives its name from the thickness of the hide which 
characterises the animals constituting it. In most of them this thick in- 
tegument is only thinly and partially covered with hair. The Pachydermata 
have.from two to three toes, enclosed in a firm horny skin. They subsist 
principally upon vegetable substances. In this order we find the largest 
terrestrial animals, which are confined exclusively to the Old World. 

The Proboscidean group of this order contains but one family, the elephan- 
tidee, or elephant tribe, which consists of a simple genus, the elephant, (Ele- 
phas), (fig. 25, which represents an elephant of the East Indies.) Of this 
genus there are two varieties, the Asiatic and the African, of which the 
former is larger and more docile than the latter, which differs from it, more- 
over, by its larger ears and longer tusks, and by its arched forehead. With 
a colossal bulk and vast strength, the elephant combines an extraordinary 
degree of intelligence and docility; the heaviness and ungainliness of its 
movements are amply compensated by the possession of that wonderful 
organ, the trunk or proboscis, which is adapted to serve a great variety of 
purposes. In fig. 15 we have given a representation of one of the compound 
molars of the elephant ; much more important than these are the enormous 
tusks, weighing from two to three hundred pounds each and more, the 
ordinary weight of tlie piur being between four and five hundredweight. 

* Naturalists are generally agreed now to class the Solidunffula^ or horse tribe, and the so- 
callcd Herbivorous Cetacea (the dugong and manatee tribe), with the Pachydermata ; but, for 
tiio sake of convenience, wc will here still retain the old classification. 
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These tusks supply that valuable material, ivory. The animals of the ele- 
phant tribe live socially together in the humid forests of Asia and Africa, and 
are quiet and inoffensive as long as no provocation is offered them. 
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The most unwieldy of all terrestrial animals is unquestionably the nver 
horse, or hippopotamus (fig. 26), which is generally classed with the family 

Suidee, or pig tribe, forming, as 

it were, the connecting link 
between the hog and the ele- 
phant on the one, and the hog 
and the herbivorous cetacea on 
the other side. This animal 
is now exclusively confined to 
the rivers and lakes of Africa. 
Among the other animals be- 
longing to the pig tribe, W(j 
mention the commm hog (Sus- 
scrofa), one of the most valu- 
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able animals, and which has been imported also into the New World, where 
it now abounds; the habyroussa of Java and the Molucca Islands, which is 
remarkable chiefly for the extraordinary curvation of the tusks of the 
upper jaw ; the peccary^ or South American hoar^ whose flesh has a dis- 
agreeable odor, imparted to it by a glandular secretion. 

Of the TapiridcBj or tapir tribe, we notice the tapir (Tapirus), possessed of 
a flexible proboscis, which is endowed with a certain degree of prehensile 
power ; and the rhinoceros, with its bullet-proof hide, and the solid curved 
and pointed horn which it bears on the nasal arch, — in some species of 
rhinoceros there are two horns, the one situated behind the other. 

Ninth Order. Solidunctla {Single-hoofed Pachydermus). 

110. This order consists of a single family, the Equidce, or liorse tribe, at 
the head of which stands the horse (£quus caballus), an animal equally dis- 
tinguished for gracefulness, fleetness, and docility, and which is certainly 
one of the most important and useful to man. The horse is spread over the 
whole earth. The wild horses of Tartary are almost to a certainty descen- 
dants of domesticated races, and so are the wild horses of the pampas of 
South America, into which part of the world the horse was first introduced 
after the conquest of the South American continent by the Spaniards. 
There are numerous breeds or varieties of horses. The mule is a hybrid 
between the ass and the mare; another similar hybrid is produced also 
between the horse and the she-ass. 

The dental apparatus of the horse consists of six incisors in each jaw, with 
six molars above and below on either side, and in the males, also two small 
canines in the upper jaw, and sometimes in both jaws; the females lack the 
canine teeth. The complete and perfect dental apparatus of a male of this 
family stands accordingly as follows : — 

Alulars. Canines. Incisors. Canines. iiolars. 

• A i- - i- A 
6 1 6 ^ 1 6 

The incisors present a dark brown depression on their cutting edge, which 
wears off with increasing age, and affords thus a means of judging of the 
age of the animal. 

We notice here also the zebra 
(Eejuus zebra), (fig. 27,) a native of 
Southern Africa; the quagga (Equus 
quagga); the tvild ass, or onager 
(Equus asinus), which abounds in 
the wild plains of Tartaiy, and to 
which the domesticated stock is 
generally referred. 
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Tenth Ordeb. BuBfiNANnA {Cud’Chewing aninials), 

111. This order embraces the most useful of the mammalia. The ani- 
mals belonging to it supply us with leather, wool, horn, flesh, milk, butter, 
dieese, and tallow. Many of them are, moreover, most valuable beasts of 
burthen and draught, slow-paced indeed, but enduring. Almost all of 
them have become domesticated, and a great many breeds or varieties have 
been produced. The ruminant animals are all characterised by the cloven 
or divided hoof, and by the absence of incisor teeth from the upper jaw ; 
with few exceptions they are provided with two horns. They are all her- 
bivorous, and their alimentary apparatus or stomach is separated into four 
divisions. The first and largest is called the paunchy into which the half- 
chewed fodder or herbage is flrst received ; from this the food is conveyed 
to the second stomach, called the honeyoomh^ where it is formed into balls, 
and wlfcTike it is carried again to the mouth to undergo the process of further 
mastication. When this has been accomplished, the food passes into the 
third chamber of the complex stomach, called the mantjplies^ which has its 
mucous-lining membrane disposed in large longitudinal folds, so as to form 
deep kmellce^ like the leaves of a book ; the food is then finally received into 
the fourth and last stomach, called the reed^ where it mixes with the gastric 
juice, and is digested. 

The ruminant animals form several large families, among which we notice 
the CameUdce^ or camel tribe. The animals of this tribe have no lioms, but 
are provided with callous cushions on the breast and knees. We distinguish 
the Arabian, or one-humped camel or dromedary (Camelus dromedarius), and 
the Bactrian, or ttvo-humped camel (C. bactrianus), with two humps or 
bunches on the back; the former is employed chiefly in Arabia, North 
Africa, Syria, Persia, the latter in Centr^ Asia. By its great strength, its 
gentle disposition, and its patient enduritnee of hunger, thirst, and iatigue, 
the camel is eminently adapted for traversing the barren expanse of the 
desert and arid plains of Asia and Africa, and it is not inaptly indeed that 
it has been termed the ship of the desert.” The camel affords also sus- 
tenance to its possessor by its milk and fl^h, and the hair is employed in 
the manufacture of cloth. 

The American camels, or Uamas, are smaller than the camels of the Old 
World, and have no humps. There are three species of them, viz., the 
guanaco, the vicugna, and the Uttle lama or paco, or alpaca. These three 
species, but more especially the two latter, yield a very fine wool, almost of 
silky texture. 

The most remarkable of all the members of this family, and indeed of the 
whole animal kingdom, is the giraffe (Camelopardus, fig. 28), standing 
eighteen feet high to the crown of the head, which is surmounted by four 
radiating bony protuberances covered with hairy skin. There are two 
varieties known of this fleet quadruped^ — one of them peculiar to Nubia, 
Abyssinia, and the adjacent countries, tlie other a native of Southern 
Africa. 

An extensive section of the ruminant animals, viz., the cervidm or deer 
tribe, is characterised by the possession of bony, deciduous * horns, termed 

* Deddwm, falling off annually. 
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antlers. Among the animals belonging to this family we notice the hart 
(Cervus), the roe (C. c^reolus), the mbk harty stag, or red deer (C. ela- 
phus), the fallow-deer (C. dninah the rdn-deer (C. tarandus), and the elk 
(C. alces). 



The Muschidoi^ or musk deer irdie, so called from the circumstance that 
the strong perliiine mtisk is obtained from one of the species which constitute 
the tribe, viz., from the true musk deer (Mosclius moschiferus), are inhabi- 
tants of the Altaic range, near Lake Baikal, and also of NepaiU, Thibet, and 
the districts adjacent to the North of India and to China. Tlie musk tribe 
is characterised more particularly by the absence of horns. 

Another large division of the order Rominantia is composed of animals 
with persistent hollow horns {CavicormOy or hollow-horned animals). In 
some fUmilics of this division, as in the antelope tHbcy the horns are composed 
of a solid bony cone, covered with a horny sheath; in others, as in the 
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sheep and goat tnbe^ the cone is more or less hollowed into cavities and cells. 
Of the latter tribe, we notice the moufflon of Corsica and Sardinia ; the 
domestic ^eep (Ovis aries) ; the Egyptian or Syrian fat-taUed sheep (O. stea- 
topyga); the Caucasian and the JemUth ibex; the Syrian goat^ the Angora 
goat^ and the Cashmir goat of Thibet, all three, but more especially the last, 
renowned for the fine wool which they supply, — from the wool of the Thibet 
breed are woven the celebrated Cashmir shawls ; the domestic goat (Capra 
hircus). 

Among the animals of the antdope trihe^ we notice the true antdopes^ 
which are remarkable for their fleetness and the graceful symmetry of their 
bodies ; to this section belong the spring-hoh of Southern Africa, and the 
swift gazelle (Antelope dorcas) ; the hush antelopes^ to which section belongs 
the so-called hush goatj which is found in Sierra Leone ; the caprifovm ante- 
lopes^^A^ which section belongs the chaanois goat of the Alps, Pyrenees, and 
other mountain ranges of Europe ; and the bovine antelopes^ among which 
w’e mention the nyl-ghau of India, the addax of Africa, and . the gnu of 
Southern Africa. 

One of the most important families of the order Euminantia is formed by 
the animals of the ox tribe (Bovidae), which from times immemorial have 
been most useful to man. The most conspicuous members of this family 
are, the ox (Bos taurus); the zehu^ or Brahmin ox, distinguished by the 
large fatty hump which it carries on its back; the common buffalo (Bos 
bubalus); the Cape buffalo (Bos caffer); the Indian buffalo; the mmk ox 
(Bos moschatus) ; the aurochs^ or European bison (Bos urus), which inhabits 
the forests of Lithuania ; and the American bison, which is commonly but 
erroneously called the buffalo. 

Eleventh Order, Phocid.® seu Pinnipeda {the Seal tribe), 

112. This order and the next may be said to form the connecting links 
between the mammalia and the fishes. Tlie body is elongated and conical, 
tapering from the chest to the tail ; it is covered with short, glossy hair, set 
closely against the skin ; the limbs are converted into oars or paddles ; the 
arm and forearm of the anterior pair, and the thigh and leg of the hind- 
limbs, are so short, that little more than the fore-paw and the foot advance 
from the body. These limbs are admirably adapted for swimming, but on 

land they hardly enable 
the animal to crawl 
along. The Phocidae are 
inhabitants of the sea; 
however, from time 
to time they visit the 
shore; they subsist on 
fishes and shell - fish. 
The skins, the fat, and 
the tusks of several 
species of them, form 

We notice the cotnmon seal (Phoca vitulina, fig. 29) ; the elephant seal oi 
the South Seas; the gray seal; the Greenland or Ilarp seal; the sea lion 
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(Otaria jubata, Pboca jubata), the crested seal (Phoca cristata), the sea mcnk 
(Phoca. monachus). 

The walrus, morse, or sea cow (Trichecus rosmarus) attains a length of 
from eighteen to twenty feet, and a weight of from fifteen hundred to two 
thousand pounds. This animal is characterised prinmpally by the enormous 
development of the canine teeth of the upper jawj which reach a length of 
from eighteen to twenty-four inches, and are stout and solid. These tusks 
serve various purposes ; . the animal uses them with great effect in de- 
fending itself from the attacks of the Polar bear ; also as an instrument of 
progression in climbing up floating icebergs and the sides of rocks ; and also 
to tear up the long wreaths of sea-weed, which constitute a great part of 
its food. 

Twelfth Obdeb. Cetacea (the WJiale tribe). 

113. This order embraces the largest animals in existence. In^ .i-Tnal 
form and shape, the animals of the whale tribe bear the strongest possible 
resemblance to fishes. The posterior members are altogether absent and 
the anterior extremities are still more exclusively adapted for propulsion in 
the water, than is the case in the seal tribe. The Cetacea are absolutely 
confined to the sea. The skin of these animals is bare, showing scarce a 
trace of hair on the upper lip. The oil, whalebone, and spermaceti which 
they supply, are valuable articles of commerce. 

The Cetacea breathe through nostrils, situated at nearly the highest point 
of the head ; they eject also water through the nostrils. They inhabit prin- 
cipally the Arctic 
seas. We notice the 
Bakma, or Ch'cenland 
Whale (fig. 30), which 
attains a length of 
from sixty to eighty 
feet, and a weight of 
from fifty to sixty 
tons ; the Rorqual or 
llaloifioptera. These 
two constitute the fa- 
mily Balcemdce, or 
Whalebone Whales. 

They have no teeth ; 
the palate is furnished instead with an apparatus for straining out the small 
mollusks and fishes, and the medusae on which these huge animals subsist. 
This consists of a reries of plates of baleen or whalehone, suspended from the 
roof of the mouth, with {heir edges forming a sort of loose fringe, composed 
of matted fibres, which reaches a length of from six to ten, or even twelve, 
feet. The spermaceti whale, or Cachalot (Physeter macrocephalus), of the 
family CatodontidoB, is found sometimes above a hundred feet long. This 
animal yields spermaceti and ambergris. 

Of the Delphimdce, or dolphin ti^e, we notice the narwhal (Monodon), 
and the dolphin (Delphinus). The dolphins are remarkable for the celerity 
of their movements, and are very voracious. The whales, cachalots, and 
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ddiphins feed upon polypi, fishes, mollusks, and medussB. The herUvoroi 
cetaceci^ such as the dugong or hcdicort of the Indian seas, and the manaU 
or lainantin of America and Africa, are now usually classed by naturalist 
with the pachydermata. 

Stoond Glass. Birds (Aves). 

114. The most distinguishing characteristics of the animals of this clai 
are the feathers, which cover the skin. The anterior members have tk 
form of wings ; the jaws are bill-shaped and toothless ; the tongue in mot 
birds is hard. Birds have two nasal and two auricular apertures, the latte 
lacking the outer ear. Their long neck, composed of from nine to twenty 
three vertebras, greatly facilitates the movements of the head ; the coinpara 
tively large size of the brain accounts for the tenacious memory and th 
remarkable intelligence and docility of many birds. The respiratory ap 
par»A?' is highly developed in birds, the respiration being carried on not i 
the lungs alone, but in the whole interior of ihe body. This peculk 
respiratory organisation imparts considerable lightness to the bodies of birdj 
and, in conjunction with the light and hollow structure of their bonei 
enables these animals not only to support themselves in the thin mediur 
wherein they are destined to move, but to skim through it with greater c 
less velocity. Birds are the most tuneful of all animals, in fact, they alon 
possess the true gift of song. The temperature of the blood in birds range 
between 100® and 120® Fahrenheit, which is higher than is found in th 
mammiferous animals. 

The propagation of the feathered tribe is cfiected by eggSy which are in 
crusted with a calcareous shell, and are generally laid to the number c 
from six to twelve, rarely so many as twenty and more. The maturation c 
the young enclosed within this shell, requires an incubation of generall; 
three weeks’ duration. The young, after they have burst from the shel 
are tended, fed, and protected by the parents with truly solicitous care. 

The nutriment of birds consists of every species of vegetable and aninifi 
matter. Some birds dwell on the land, others on the w^ater, and many c 
them alternately on both. Birds permanently resident in a country ar 
called reside/U birdsy as the sparrow, for instance ; some are birds of passagt 
as the thrush, or migratory birdsy as the swallow. 

The characters upon which the division of birds into orders, families, an 
genera is based, are furnished principally by the conformation of the bea] 
and feet. Some have feet adapted for swimming, some for walking, som 
for running, some for hopping, some for climbing. The thigh bone is shoi 
and straight, and in most birds nearly concealed from view as far down a 
the articulation of the knee. A single bone, which forms the continuatio: 
of the leg, represents the tarsus and metatarsus, and bears at its lower enc 
the toes, which never exceed the number of four. The conformation of th^ 
beak or bill also varies considerably, that organ being long and pointed ii 
some birds, short and thick in others; conical, cylindrical, laterally com 
pressed or horizontally depressed, straight, curved, or simply hooked at th 
end. In many birds the bill is surrounded at its base by a yellow mem 
brane, called the cere&ua membrane. 

The animals of the feathered tribe are eminently useful to man by thei 
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flesh, eggs, and feathers. Many of them delight us, moreover, by the ele- 
gance and symmetry of their forms, their gay and brilliant plumage, their 
graceful evolutions, and above all, the exquisite melody of their song. The 
injury they occasion is very small in proportion to the advantages which 
they yield. It is rare indeed that even the largest and most rapacious of 
them become formidable to man, and no bird is poiapnous. 

Birds may be divided into two principal groups. ’ The first group is com- 
posed of birds which are hatched blind and naked, require to be fed for a 
considerable time in the nest, and subsequently live on one sort of food. 
They hop on the ground, and their flight is rapid and easy ; they pass the 
greater part of their time on the wing. The birds of the second grand 
division are hatched with open eyes, and with a flocculous or downy cover- 
ing ; and they no sooner leave the egg, than they run about and pick up 
their food, which is of the most varied kind. They walk or run on the 
ground, but rarely fly; the most of them are land birds, but some arejq”atic. 


115. Division op Birds. 


A. Log feathered to the spur, or nearly so. 

B. Lower part of the leg only feathered. 

1. Raptores, or birds of jirey.— With powerful legs 

and toes, furnislied with sliarp-poiiite<l hooked 
tulons; i)oweiful upper mandible bent at the 
end, and terminating in a sharp point ; ccreous 
membrane. 

2. Insessorea, or perching birds.*— Toes adapted for 

hopping or climbing; claws mostly compressed. 
Rill usually without the cireiiient. 

3. Ka.sorcs, or gallinaceous birda— Toes partially 

united by a small fold, or quite distinct. Claws 
not compressed, mostly blunt; upper mandible 
mostly arched; sometimes with a circnient 

4. Cursorca or ninnera— Legs and feet adapted for 

rapid motion ; wings imperfect, and unsuitable 
for flight 

5. Grallatorea or waders.— Legs very long, adapted 

for wading; toes partially or slightly united 
by a fold, or quite free; rarely webbed; wings 
powerful. 

6. Natatores, or swimmers.— Legs moderately long ; 

toes usually connected, forming a swimming- 
paddle; in some the hind toe is not included m 
the wei . 


* This order includes also tlic Scansores^ or climbing birds. 


First Order. Raptores {Birds of Prey), 

116. Powerful feet and claws, a sharp sight, and considerable swiftness 
and vigor of flight, render these birds peculiarly adapted for preying upon 
other birds and animals ; though many 
of them feed also on carrion. The in- 
digestible portions of their food, such as 
wool and feathers, are ejected again by 
the mouth in the shape of pellets. The 
female birds are generally larger than 
the males; they build their nests, which 
are constructed without much art, in 
lofty situations, such as the ledges of 
rocks, the tops of high trees, &c. They 
generally lay only a limited number of 
eggs, ("two or three, and rarely more 
than four). 

Some of the birds of this order are 
diurnal, and are distinguished by their 
dense plumage, and by the lateral direc- 
tion of their eyes ; such are the families 
of the vultures and falcons. 
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In the vuUureSy (VultnridsD), the head, neck, and tail are bare of feathers. 
These birds live socially together; they feed on carrion, and are very raven- 
ous, As interesting examples of the group, we mention the tawny vulture 
(fig. 31); the condor of the Andes, the largest of all flying birds, the expanse 
of whose wings is usually nine feet, but reaches sometimes ten and even 
eleven feet; the Egyptian vulture^ commonly called PharaoKs Chicken; 
the gray vulture^ (V ultur cinereus). Between eagles and vultures, naturalists 
place the lammergeier or bearded griffin of the Alps (Gypaetos barbatus, 
fig. 32). 



32 . 


The falcons (Falconidae) constitute a numerous family, distinguished by 
symmetry of form, and great boldness and daring. They prey chiefly on 
living animals, from mammals down to insects. The largest birds of this 
tribe arc the eagles, of which the most remarkable are the golden eagle 
(Falco fulvus) ; the erne or great sea eagle (F. albicella), and the osprey, or 
fish-hawk ; the latter two are expert fishers. Of the smaller birds of the falcon 
tribe, viz., the true falcons, several of which were formerly held in very high 
estimation for their use in the sport of falconry, the following are the most 
remarkable, viz., the Oyr, Jer, or Iceland falcon (F. islandicus), thft merlin 
(F. aesalon), the kestrel, the hawk, or goshawk (F. palumbarius), the sparrow- 
hawk (F. nisus) ; also the kite (F. milvus), the swallow-tailed kite (F. furcatus), 
and the buzzard (F. butco). The secretary bird (Gypogeranus sccrctarius), 
a native of South Africa, distinguished by the extraordinary length of 
its tarsi, in which it resembles the waders, and by the plumes at the back 
of its head, which led the Dutch to bestow the name Secretary upon it, is a 
most useful bird in the localities which it inhabits, as it destroys vast 
numbers of snakes and other poisonous reptiles. 

The nocturnal birds of prey, constituting the family Strigidee, or the Owl 
tribe, are distinguished from the diurnal birds of prey chiefly by their loose 
plumage, and the anterior direction of their very large eyes ; from the large 
size of the pupils of the eyes so much light is admitted, that the bird is quite 
dazzled if he opens his eyes in full day ; it is, therefore, almost exclusively 
restricted to hunt its prey by night, or in the twilight. Owls are most use- 
ful birds, as they destroy vast numbers of mice and other vermin. When 
the owl happens to appear abroad during the day-time, it is followed about 
by flocks of little birds ; it is on this account sometimes employed by fowlers 
as a decoy bird. The best known of this tribe are the eagle-owl (Strix 
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bubo), the long-eared owl (S. otus), the bam oid^ and the screech-ml (S, 
noctua). 

Second Order. Insessobes. 

117. The number of individuals included in this order is so immensely 
large, that it has been found necessary to subdivide them into several sub- 
orders. They have weak legs. In the true insessorial birds, the toes are 
three before and one behind ; but in the Scansoresj or climbers, which we 
include here in the order Insessores, two of the toes are directed backwards. 
We find in this order the most melodious songsters, and also many birds 
distinguished by the elegance and beauty of their plumage, by the swiftness 
and gracefulness of their flight, by their docility, and by the architectural 
skill which they exhibit in the construction of their nests. 

Many of the birds of this order constitute almost by themselves distinct 
tribes; this is the case, for instance, with the gaping-billed goat-s^icker 
(Caprimulgo), and the stdft (Cypselus^ Others form part of large families. 

The singing birds (Canores) compose an entire sub order, to which belong 
more particularly the following: the swallows (Hirundinidae) ; of these may be 
mentioned here the chimney swallov), the martin, or house swallow, the hank 
swallow or sand-martin, and the escvXmt swallow (H. esculenta), which is 
found in the Indian Archipelago, and whose nests are so much valued by 
the Chinese as delicacies for the table ; — the jhjcatchers (Muscicapidse) ; — the 
Shrikes or Butcher birds (Laniadse), of which many have the curious habit of 
impaling the animals they have caught upon a large thorn : they are rapa- 
cious birds, and will even attack smaller birds of their own tribe. In the 
family of the thrushes (Merulida3 seu Turdidge), we meet with the beautiful 
golden oriole (Oriolus galbula), the missel -thrush (Turdus viscivorus), the 
field-fare (T. pilaris), the song-thrush (T. musicus), the blackbird (T. mer- 
ula), and the mocking bird (T. polyglotta). Some of the above named are 
liked for the delicacy of their flesh, others for their vocal performances ; in 
the latter they are, however, infinitely surpassed by the songsters or warblers 
proper (Sylviadaa), mostly small and sober-colored bii’ds. The nightingale 
(Sylvia luscinia) is celebrated above all birds for the compass, variety, and 
melody of its notes ; the following also contribute their share to the anima- 
tion and charm of our woods, groves, and hedges, viz., the common white- 
throat (S. cinerea), the black cap (S. atrocapilla), the redsta/rt (S. erithacus), 
the red-breast (S. rubecula), and the reed-warbler (S. arundinacia). The 
smallest of our native birds belong also to this tribe, viz., the gold^crested 
wren and the common wren (S. regulus and S. troglodytes). 

To this group belong also the Accentors or Bunnocks, the Wagtails, and 
the lively litmice, among which latter we may mention the great titmouse 
(Parus major), the blue titmouse (P. cocruleus), the penduline tit (P. pen- 
dulinus), which is celebrated for its ingeniously-constructed nest suspended 
over water, usually among reeds. The nuthatches bear considerable resem- 
blance to the tils» Among the Ampelidoe or Chatterers, we mention the 
beautiful Bohemian chatterer, or bkude-throated waocwmg. 

The crow tribe (Corvidse), are distinguished by their strong bill, and loud, 
shrill, or croaking voice ; they mostly live on fruit or kernels, but also on 
worms, grubs, flesh, &c. To these belong the jay (Corvus glandarius), the 
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mcig^^e (C. pica), the chmgh ox jackdaw (C. monedula), the hooded crow (C. 
cornix), the seed crow or rook (C. frugileg\is), the common or carrion crow 

(C. coroixe), and the rav€n(0, corax), which latter 
occasionally attacks small animals. All these are 
characterised by their sombre plumage, and by 
their superior intelligence. Tliey may be taught 
to speak with great distinctness. The latter faculty 
is possessed also by the starlings (Sturnidsc), 
which are very serviceable to quadrupeds, by 
relieving them from the insects that infest them. 
The bird of 2 )aradise (fig. 3J^), which is confined 
to New Guinea and the neigbouring islands, 
is highly prized for its bcjiutiful long feathers. 

The granivorous warblers feed their young 
with insccte ; some species of them congregating 
in flocks, do occasionally considerable damage 
in newly-sown fields ; others are caught in large 
numbers for the table. We may mention here 
the field, or 5Zv/-ZarA;(Alauda arvensis), the crested 
lark, the heath lark, the golden hammer or yellow 
hunting (Emberiza citrinella), the snow hunting 
(E. nivalis), and the delicious ortolan (E. hor- 
tulana). Tiho finches (Fringillidae), are among the most common of our birds, 
particularly the chaffinch (Fringilla codebs), the gold-finch or thisUe-finch (F. 
carduelis), the haw-finch, the gray linnet (F. caimabina), the siskin (F. 
spinus), and the canary bird (F. canaria). All these birds are easily kept in 
confinement, and are prized for the melody of their song ; which is not the 
case, however, with the- S’parrow (F. domestica), whose plumage, moreover, is 
more sober and modest than its character. To the Fringillidoe belong 
also, the bullfinch, the pinefinch, and the crossbill (Loxia curvirostra). 

In the suborder tenuirostres are found the smallest of all birds; viz., the 
humming birds (Trochilida?, fig. 34), which are entirely restricted to America, 
where they abound most between the tropics, not usually extending far on 
either side. The humming birds are remarkable also for the glorious hues 
and the brilliant metallic lustre of their plumage. They live chiefly on 
small insects. 

To the tenuirostres belong also the Upupidaj, or Hoopoes, among which 
we mention the European Hoopoe, which is characterised by its beautilul 
crest, the length and slenderness of its bill, and the shortness of its feet. 

The Bucendxs, or homhills, are remarkable for the very large size of the 
beak, and also for an extraordinary protuberance which is generally found 
to surmount the latter in the grown bird. 

The Alcedinidm, or kingfishers, have long quadrangular bills ; the front toes 
are united in them at the base, for which reason the name Syndactyli has also 
been given to them. 

Ilie MeropidUe, or bee-eaters, prey with impunity upon bees and wasps. 

In the climbers, or scansores, two of the toes are directed forwards, and two 
backwards. To this family belong the cuckoo (Cuculus canorus), which 
builds no nest, but drops its eggs singly into the nests of small singing birds. 
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which hcT-tch the egg thus surreptitiously^ introduced among their own, and 
feed the intruder at the expense of their own natural offspring ; the indicator 
or honey-guide of Africa, which guides the natives to the nests of the wild 
bees by flitting before them, and reiterating a peculiar cry ; the toucans or 



their enormous bills; and the ivoodpeclcers, which search 
^the trunk and branches of trees for insects and larva?, making first an 
aperture with their strong wedge-shaped bill, and then withdrawing their 
prey by means of their extensible tongue, which is barbed towards the tip, 
and moistened with a glutinous saliva. To this latter group belong the 
Uaclc tvoodpeckcr (Picus martins), the green ivoodpecher or popinjay (P. 
viridis), the spotted woodpecker (P. varius), and the wryneck (Junx torquilla). 

The great fiimily of the paiTotSj or PsittacidcCy brings up the rear of this 
extensive order. The Psittacidao are characterised by their short hard beaks, 
which are generally high arched, and invested at the base with the cereous 
membrane; they Imve a thick fleshy tongue, and maybe taught to imitate the 
sound of the human voice in speaking and singing, although their voice is 
naturally harsh and unmusical. Tlicy arc natives of tropical and the w^armest 
temperate regions, and feed chiefly on fruits, seeds, honey, &c., rarely on insects 
or flesh. There arc about 200 species of the true parrot tribe, all remarkable 
for the splendor of their plumage and the drollness of their gestures j among 
these we may mention the common gray parrot (Psittacus erithacus), the 
cockatoo (Ps. cristatus), the blue maccaw (Ps. ararauna), and the red maccaw 
(Ps. macao, fig. 35), the pmrakeets^ the love-birds^ and the lories. 
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TmRD Order. Rasores, or Scratchers (Gallixaoe.e). 

118. The gallinaceous birds have a short, usually slightly arched beak, 
and strong feet, peculiarly adapted for scratching. Their powers of lliglit 
are inconsiderable ; they have a disagreeable shrill voice, but are highly 
esteemed for their delicate flesh and eggs. The young are hatched with 
their eyes open, and are generally able to walk about in search of food as 
soon as they leave the shell. The cock birds are larger and of gayer and 
more brilliant plumage than the hens. 

Among the pigeon tribe (Columbida?), of which all the members associate 
invariably in pairs, and feed their helpless young for a considerable period, 
we notice the ringdove (C. palumbus), the stock-dove (C, cenas), the turik- 
dove (C. turtur), the laughing^ or Indian turtle-dove (C. risoria), and the 
passenger pigeon (C. migratoria), which is oc casionally seen in immense Hocks 
in Central and North America; and finally the crowned pigeon (C. coronata). 

Undep ^he section of grouse (Tetraonidm), we note the capercailzie (Tctrao 
urogallus), the black grovse (T. tetrix), and the hazel grouse (T. bonasia). 
Nearly allied to the grouse are the ptarmigans (T. lagopus), natives of the 
southern parts of the temperate zone, among which we mention the gray 
ptarmigan or Alpine partridge^ which changes its plumage in winter to snow- 
white. 

Among the pheasant tribe (Phasianidm), which originally came from Asia, 
and are in general distinguished by the gorgeousness of their plumage, we 
find the peacock (Pavo), our domestic cock (Phasianus gallus), the comimn 
pheasant (Ph. colchicus), the gold and silver pheasants (Ph. pictus and nyc- 
themerus), the argus pheasant (Argus), the guinea hm (Meleagris Numida), 
and the turkey of North America (Meleagris gallopavo). To this section 
of the order Rasores belong also partridges and quails. 

The mcenura^ or lyre-tail of Australia, so called from the curious confor- 
mation of the plumage of its tail, is also placed by many naturalists among 
the gallinaceous birds, though it belongs, perhaps, more properly, to the 
order Insessores. 


Fourth Order. Cursores, or Runners. 

119. This order includes the largest birds. From the imperfect develop- 
ment of their wings, and the character of the plumage, they lack the power 
of flight. The strong and highly developed legs and feet, on the other 
hand, render these birds most powerful runners, and qualify them for out- 
stripping the fleetest horse. Tlie cursores are excessively voracious, devour- 
ing all sorts of vegetable and animal food. This order contains only a small 
number of species, viz., the Apteiyx of New Zealand, the cassowary (Casu- 
arius indicus, fig. 36), and the Aftican^ or two-toed ostrich (Struthio camelus, 
fig. 37), the tallest of all birds at present known to exist ; this gigantic bird 
attains a height of from 6 to 8 feet ; it furnishes the well-known ostrich 
feathers. It inhabits the sandy deserts of Arabia and Africa. In the torrid 
zones it leaves its eggs to be hatched by the heat of the sun, but in tem- 
perate climates it attends to their incubation. In South America we find 
the three-toed,^ or Am&rican ostrichy or rheOy and in New Holland the emu 

(Rhea Nova Hollandiae). 
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Tills order includes also two species of huge birds which are now extinct, 
viz., the dodo of the Mauritius, Bourbon, and some neighbouring islands, 
and the dinomis of New Zealand. 



Fifth Order. Grallatores, or Waders (more correctly Stilt-walkers). 

120. The birds of this order connect the rasores and enrsores with the 
natatores. The length of their legs, and the absence of feathers at the lower 
part of the tibia enables them to wade into water of a certain depth, and 
thus to procure fish, mollusks, aquatic worms and insects, which 

constitute their food. Their toes are in general slightly webbed. When 
Hying, they stretch out their long legs behind, using them as a rudder. 

Among the Otidw^ or bustard family, w'e mention the great bustard^ the 
largest of all the native birds of Europe ; this noble bird was once common 
in our island, but has now almost altogether disappeared from it, being only 
occasionally met with still in the western part of Norfolk. 

Among the family of the herons {Ardelidce), we note the common heron 
(Ardea cinerea), the white heron (A. sBgretta), which furnishes the feathers 
for the well-known beautiful heron-plumes ; the bittern (A. stellaris), and the 
spoonbill (Platalea), remarkable for the unusual spoon-shaped form of its 
beiilc. Of the genus stork we notice — in addition to our ancient and well- 
known friend, the common stork (Ciconia) — the Argala, or adjutant stork of 
India (fig. 38), from which, and from an jillied species in Senegal, the 
beautiful Marabou feathers are obtained ; both the Indian and Senegal species 
devour multitudes of noxious animals, and remove a vast amount of carrion. 
The great ibis (Tantalus ibis, fig. 39), and the sacred ibis (Ibis religiosa), are 

African birds ; the latter was worshipped by the ancient Egyptians, and even 
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embalmed after death, probably because its appearance announced the rise 
of the Nile. The flamingo (Phoenicopterus), remarkable for the extra- 
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ordinary length of its legs and neck, and for its rosy plumage and car- 
mine wings, connects the loaders with the Anatidce, or duck tribe, one of the 
families constituting the order natatores. Among the Gruidce, we mention 
the cr^ane (Grus), 

The birds of the plover tribe (Charadriadae) frequent open sandy shores, 
and exposed commons or moors ; to this tribe belong the golderv plover 
(Charadrius pluvialis), the lapwing or peewit (Vanellus cristatus), the turn- 
stone (Strepsilas collaris), the oyster-ccUcker (Hcematopus ostralegus), and the 
red-shank (H. rufipes). 

The members of the snipe tribe (Scolopacidae) feed on insects, worms, 
slugs, aquatic mollusks, &c., which they usually obtain by thrusting their 
long, flexible, and sensitive bills into the mud or moist soil. Among them, 
we mention the common snipe (Scolopax media), the green-shanks Jind sand- 
pipers, the woodcock (Scolopax rusticola), the ruff and the curlew. Nearly 
allied to this family are the stilts, or still plovers, and the avocet, which latter 
bird is remarkable for a bill of extraordinary length and slenderness, and 
which curves upwards towards the tip. 

The Ralls (Rallidse) approximate in many points very closely to the 
natatores. Among them we notice the water-rail (Rail us aquaticus) ; the 
moor-hens or Gallinules; the land-rail or crcke (Gallinula grex); the 
green-legged moor-hen (G. chloropus) ; the beautiful purple-rail (Porphyrio) ; 
the black water-coot (Fulica atra), common in ponds and lakes; and the 
screamers, which are remarkable for the sharp hard spurs with which the 
wings arc armed at the shoulder joint. 
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Sixth Order. Natatores, or Swimmers, or Web-footed Birds. 

121. These birds have short legs, and palmoted or webled feet, the toes 
being connected together by a membrane. The plumage is dense, and there 
is generally an undergarment of down, which 
is especially thick beneath the body. They 
live mostly upon or in the water, and resort to 
the shore chiefly for the purpose of building 
their nests and rearing their young. Most of 
them live principally upon fish and mollusks, 
which imparts to their flesh a rank fishy flavor. 

The order includes five families, viz., the 
Colyinhidcej or divers; the AlcidcBj or Auks; 
the Pelicanidce^ or pelicans; the Landce^ or 
gulls ; and the Anatidai^ or ducks. 

Among the divers we mention the crested 
diver (Colymbus cristatus), the armt northern 
diver (Colymbus glacialis), and tm^d-throated 
diver (Colymbus septentrionalis). Among the 
auks of the Northern Ocean, the great or northern 40. 

auk^ or Arctic pengwin (Alca impennis), the gniUemoi^ and the puffins. 

In the southern hemisphere, these birds are represented by the penguins, 
a most remarkable group of birds, with very short legs, placed so far back 
that the body is quite 
upright when tlie bird is 
standing on the ground; 
the wings are covered 
with short, rigid, scale-like 
feathers, and lack accord- 
ingly altogether the jiower 
of raisifjg the body in the 
air. The Patagonian pen- 
guin is a most valuable bird 
to the inhabitants of Pata- 
gonia and Van Diemen’s 
Land, on account of its 
dense downy plumage, 
and the copious amount 
of fat or oil which it 
yields. 

Among the pelicans, 
which are remarkable for 
the extent and power of their wings, we notice the pelican (Pelicanus ono- 
crotalus, fig. 41), with its enormous pouch, and hooked-tipped bill; the 
comwranU the gannet or solan goose, the frigate or rnan-of-ivar bird (Tachy- 
petes, fig. 42), the tropic bird, and the darters. 

The gulls and petrels are generally distinguished for great powers of flight ; 
their wings are long and pointed. Among the true gidls we notice the terms, 
or sea-SWallowSj the glaucous gull (Larus glaucus), the silver or herring gull 
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(Larus argentatus), the skms or rohber-guUs^ and tlie storm-finch or llach- 
hacked gull ; among the petrds, the fulmar of the Arctic seas, St, Peter's fowlj 
and the gigantic albatross. 



The most serviceable of the aquatic birds are the members of the duck 
tribe, for their eggs, flesh, and feathers. Among them we notice our 
domestic goose (Anser cinereus), the swan (Cygnus olor), and the many 
species of ducks^ as the ivild duck or mallard^ the sheldrake^ the Muscovy 
duck, the teal, the eider duck (Anas mollissima), the scoters, the pochard, the 
mergansers or gooseanders, &c. 

Third Class. Reptiles (A3u>hibia, or Lurivers). 

122. Some of the animals of this class have the skin completely naked, 
but in the greater number the skin is covered by a thick epMermic layer of 
scales, or of horny or bony plates. The nasal fossae, through ’which the 
animal draws in air, and which open into the throat, are but little developed. 
In some reptiles, gills exist in the early period of life, which afterwards 
usually wither and disappear ; some, however, retain these organs during 
life. The auditory apparatus is much less complete than in the first or even 
in the second class of animals ; the external ear is almost always entirely 
wanting. 

The blood of reptiles has the same temperature as the surrounding 
medium. Their muscular system is highly developed, and they are conse- 
quently capable of great muscular exertion. They are possessed also of the 
reproductive faculty, that is, the faculty of reproducing parts that have been 
accidentally lost. The reptiles are almost as mute as fishes, for, with the 
exception of the serpent’s hiss and the croaking of frogs, this class lacks the 
power of sound. 

Reptiles differ greatly in the external conformation of their frame. Some 
have four feet, some two, and some, as the serpents, are altogether without 
these locomotive appendages. With few exceptions reptiles increase by 
eggs ; however, they never produce such an enormous progeny as the fishes do. 

The number of genera is small, amounting on the whole to only 1270. 

Most members of the reptile class cast their skin periodically, and some 
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l^undergo changes of shape or color, assimilating . in some measure to the 
y transformations of insects. The impression which the animals of this class 
create is almost universally a repulsive one, which may be attributed in a 
measure to their solitary lurking habits, and to the insidious manner in which 
they usually approach their victims. Moreover, several of the members of 
this class are venomous, which is the case with no other class of animals. 
In some of them the body is rendered repulsive from its absolute nakedness. 
Their want of sociableness, their indifference for their young, their lack of 
mechanical instinct, and their general uselessness, contribute also to explain 
and warrant the dislike so generally entertained of them. 


123. Division of the Reptiles. 


jA. Heart composed of two anricles of)ening 
into a single ventricle;' undergo no 
change ; skin covered with scales or 
plates ; no metamorphosis. 

B. Skin naked; gills; undergo ffahsfonna- 
tions. 

1. Clicloni.'ir— Turtles. 

‘J. Siiuria— Lizards. 

3. Ophidia^Snakes. 

4. Batraehia— Frotf.s. 

Four feet; libs immovc- 
ubly eoiiiKscted to- 
getlier; Sternum 
broad ; inoutli destitute 
of teeth. 

Four feet (rarely two or 
none); moveable ribs; 
lower jaw united by 
sutures. 

Destitute of feet; no 
eyeiids; ribs niove- 
able ; no sternum ; 
lower jaw united by 
cartilage. 

■ 

Four feet (rarely tw'O or 
none); ribs short, or 
wanting. 


First Okdek. Ciielonia, or Tortoises. 

124. ,Tn the tortoise tribe the dorsal vertebra), ribs, and sternum, form 
two great shields, of which the upper is called the carapace, the lower, the 
plastron, and which are united together on each side, forming a species of 
cuirass, with openings for the passage of the head, feet, and tail, and 
covered with horny plates, or with a coriaceous skin. 

The tortoises are the most useful animals of all the reptile class, their 
flesh and eggs being most excellent and nutritious food. In certain places 
whore they are not liable to much disturbance, they are occasionally found 
in very considerable numbers. 

The shell of many of them, called tortoise-shell, is manufactured into 
many useful and ornamental articles. Of this tribe the following deserve 
to be noticed : the land tortoise (Testudo graica), the geometrical tortoise (T. 
geometrica), the snuf-hox tortoise (Cistudo), the marsh tortoises (Emys) of 
the Orinoco, which come in great shoals to the so-called Tortosa Islands, to 
lay their eggs, of which millions are collected, and used to make oil ; the 
European marsh tortoise (E. Europiea), the rapacious and gluttonous ricer 
tortoises (Aspidonectes), with coriaceous shields ; the marine tortoises, among 

* In crocodiles, however, the henrt is formed almost in the same manner as in birds and 
mammalia, presenting two distinct ventricles mid two auricles. 
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whicli we note the grem turtle (Chelone midas), which occasionally measures 
6 or 7 feet in length, and weighs from 500 to 800 pounds ; this is the species 
most valued as food. The best tortoise-diell is obtained from the hawics- 
hill turtie (Chelone imbricata). 

Second Order. Sauria (the Lizard Tribe). 

125. Of the three sections into which this order is subdivided, we notice 
first the armed lizards (Loricati), whose bodies are covered with bony shields. 
The crocodile (Crocodilus), and other equally dangerous aquatic reptiles, 
which in internal structure bear a close resemblance to the mammiferous 
quadrupeds, belong to this section. 

The best known of these is the crocodile of the Nile (C, vulgaris, fig. 43), 
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which attains a length of from 20 to 30 feet ; the gavial, or crocodile of the 
Ganges (C. gangeticus), is distinguished from this chiefly by the extreme 
prolongation and narrowness of the muzzle. The American crocodile is 
called the alligator, or cayman (C. ludus), and is distinguished by the short- 
ness and roundness of the muzzle. 

Among the petrified remains of simihar animals we meet with the 
ichthyosaurus^ fig. 44, and plesiosaurus, fig. 45, gigantic animals with paddle- 



feet, and which attained the enormous length of from 10 to 17 yards. The 
Plesiosaurus had no less than 90 vertebrae. 

The section of the scaly saurians (Squanmati), embraces the family of the 
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Varans, or monitors. The varan of the Nile (Monitor niloticus), is very 
destructive to the eggs and the young of the crocodile. The mmitor of 
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Guiana (Thorictis dracsBna), is about 5 feeblong, and resembles the crocodile. 
Our gray and grem lizards 
(Lacerta agilis andL.viridis), 
are harmless, pretty, little, 
active creatures. The cha- 
meleon (Chamasleo Africanus, 
fig. 46), is a most extraordi- 
nary animal, which, among 
other peculiarities, is distin- 
guished by the faculty of pre- 
senting remarkable changes 
of color, varying through 
different shades of yellow, red, gray, brown, violet, and dull inky-blue. 

'IliQ flying dragon (Draco volans, fig. 47), a small Javanese lizard, is cha- 
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racterised by a thick fleshy tongue, aud a membranous fold or expansion 
along each flank, by which it sustains itself in the air, whilst it leaps from 
branch to branch ; but it cannot use this species of bat-wings with sufiicient 
force tci fly like a bird or bat. To this suborder belong also the crested 
basilisk (Basiliscus mitratus), the Iguanas^ which grow several feet long, 
(usually four to six, including the tail,) and of which the flesh is very palat- 
able ; the graceful little anolis ; the radiate lizard (Stellio) ; and, finally, the 
gecko^ a nocturnal, sluggish, repulsive creature, with fingers very much 
expanded towards the end, and furnished underneath with little folds of skin, 
which appear to perforin the function of sucking, aud which enable the 
animal to run along the smoothest surface, to creep up walls, and to traverse 
ceilings with the back downwards. When in pursuit of its insect prey, the 
gecko occasionally utters a kind of chuckling cry, which has led to the name 
of the animal. Of this hideous reptile, one species (Platydactylus^, is found 
in the south of Europe. 

The families chakidoe^ or snake-lizards^ and ScincidcB^ or Scinks^ form the 
transition from the order of lizards to that of serpents. The members of 
these families have a short, mostly forked tongue ; the body is usually 
cylindrical, and extremely elongated or snake-like ; in some destitute of 
limbs, and in most with the limbs in a rudimentary state, or at all events 
only little developed. Among them we notice the Scheltopusic^ which has 
no fore-legs, and for hind-legs only scaly appendages ; the brittle glass-snake 
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(Ophiosaurus) ; the scinh (Scincus), formerly held in great repute for its 
supposed medicinal virtues ; the common Hind worm (Anguis fragilis), which 
brings forth its young alive, and in its whole internal structure differs from 
the snakes, to which in external appearance it bears a great resemblance ; 
and the Ampliisbcena, 

Third Order. Ophidia [the Seipent Tribe), 

126. The serpents present great similarity of conformation and structure. 
Their head is small, but the mouth is very dilatable, as the bones which 
form the jaw are not united, but simply connected by flexible cartilages. 
Hence they can swallow animals larger than themselves. Nature has 
endowed many of them with a venomous apparatus ; the poison is secreted 
by glands, which pour it out through an excretory duct, in the neighbour- 
hood of one of the maxillary teeth of the upper jaw, which is sometimes 
pierced jbi|( a canal, sometimes only channelled by a furrow. They frequently 
cast their skins ; they arc most of them natives of hot countries. Tlie fol- 
lowing are some of the more important members of the serpent tribe, viz. : — 
The South American coral snalce (Ilysia scytale), of a beautiful coral red, 
variegated with black bands ; the <rylindricaL coral snake (Cylindrophis). The 
monsters of the order, iiowever, are the hoas^ certainly not venomous, but 
of enormous size, viz., from 30 to 40 feet long, and of incredible muscular 
strength, able to destroy the most powerful quadrupeds, by compressing them 
within their miglity folds. The boa constnetor and the marine boa (B. 
marina), are natives of Brazil; the tiger boaSy or pythons (Python tigris and 
bivittatus) of the East Indies arc not uncommonly exhibited in menageries. 

Various sj)ecimens of the coluhm's (Colubridai), a section of harmless 
snakes, arc not unfrcquently found in Europe, as e, </., the common ringed 

snake (Coluber natrix), which is steel-gray, 
with white and black spots on the belly, 
and a yellow ring about the neck; the 
ydlow water-snake (C. flavescens^, from 3 
to 5 feet long, is especially frequent in the 
Schlangenbad in Germany, which has re- 
ceived its name from it. 

One of the most beautiful of the tribe is 
the South American green tree-snaJee (Dry- 
ophis). 

Among the venomous serpents (Venenosi), 
we find in the Indian Ocean the marine snakes 
(Pelamys and Hydrophis), with vertically 
flattened tails, which they employ as rud- 
ders in steering their course through the 
water; and in Brazil the cinnabar-red, and 
black and white ringed snakCy or coral- 
viper (Elaps corallinus). One of the most 
dangerous of the venomous tribe is the 
Indian najay or hooded or spectacled snake 
of India, (Naja tripudians, cobra di capello), 
which performs an important part in the idolatrous rites of the natives, and 
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also in the juggling tricks of itinerant mountebanks. This creature 
when excited has the power of raising the loose skin of the neck into a 
sort of collar or hood behind its head. The jugglei*s, before exhibiting their 
tricks with it, contrive to exhaust the venom by causing the animal 
repeatedly to bite a piece of cloth. They also know how to render the 
snake harmless by pressure on the brain. 

The common viper or adder (Vipera berus), is an inhabitant of our 
own country; it attains a length of about 2 feet, aud is subject to 
great differences in color; thus we have black, red, and blue-bellied 
varieties. The bite of the viper speedily kills the small animals upon which 
it feeds; under certain circumstances it may become dangerous also to 
man ; in case of accidents of the kind it is always advisable therefore to 
have recourse to suction, excision, or cauterising of the wound. The most 
common of the venomous serpents of the Antilles and Brazil are the lance- 
headed vipers^ or cophias (Trigonocephalus). The rattle-makes of America 
(Crotalus horridus of South America, fig. 48, and Crotalus durissus of 
North America), are equally formidable. These reptiles are distinguished 
by a peculiar appendage to the tail, consisting of a. number of thin horny 
cells, loosely articulated to each other, and producing a rustling or a rattling 
noise when shaken ; the animal vibrates this appendage when irritated or 
alarmed, and gives thereby timely warning of its approach. The power of 
fascinating smaller animals, which is attributed to the rattle-snake, is said 
to be the effect of a stupifying odor emitted by it. 

Fourth Order. Batrachia (the Frog Tribe). 

127. The batrachian reptiles have a naked skin, and no ribs. At first, 
when coming from the egg, they resemble fishes both in their external form 
and internal structure ; and it is only by degrees, and after having passed 
through a series of metamorphoses, that they acquire the form which they . 
ultimately preserve. Some of them retain the gills of the tadpole state 
through life. 

The first section of this order contains 
the ecaudate (tailless) frogs (Ranidaj), 
which arc quite destitute of any tail, but 
have very long hind legs, which consti- 
tute the chief instruments in the progres- 
sion of the animal. We find here the 
American pipa (Pipa americana), which 
bears her eggs and young for a consider- 
able time on her back; the beautiful 
green tree frog (Ilyla arborea, fig. 49), 
which is often kept in glasses to indicate 
approaching changes in the weather, as 
the male, which is distinguished from the 
female, by its black throat, utters a croaking noise at the approach of rainy 
weather. The French frog (Rana esculenta), is not quite a stranger in our 
island, while the grass^ or common frog (R. temporaria), is very plentiftil. Both 
species lay their black eggs surrounded by a slimy substance in lumps in the 
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water of our ditches and ponds in early spring. The footless and long-tailed 

young frogs coming from the eggs, are 
called tadpoles. The femora, or hind- 
legs, are the only part of the green water 
frog that is eaten. Of exotic frogs we 
notice the i/lossp frog (R. micans), the 
hull-frog (R. inugiens), and the homed 
frog (R. cornuta.^ The transition from 
the frogs to the toads is formed by the 
fire-frog (Bombina), and the nurse-frog, 
or obstetric toad (B. obstetricans), which 
carries her eggs coiled round her legs. 
The toads (fig. 50), lay their eggs in long 
strings, and arc rather terrestrial than 
aquatic animals ; they ' axe plump, 
sluggish, ugly, nocturnal creatures, with their bodies mostly covered 
with warts; but their eyes are beautifully set in a gold-like frame. 
Although almost all of them emit a disagreeable garlic smell, and secrete a 
slimy foam, yet none of them are venomous. The most commonly known of 
the toads are, the garlic toad, or garlic-smelling toad (Bufo fuscus), and the 
9‘eed, or cross toad (B. calamites), the former common, the latter rare in 
England. The common land toad 
(B. cinercus), and the giant toad, 
or hull-frog of the Anglo-Ameri- 
cans (B. gigas), are found on the 
continent. 

Tlie second section of batra- 
chian reptiles includes the sala- 51. 

Qiianders (CaudataJ. Some of these lose their gills in the course of their 
metamorphoses, as the salamander (Salamandra), spotted with yellow and 
black, and erroneously deemed venomous ; and the water newt (Triton, fig. 

51), which has a dentate crest along its 
back. In others (the Proteidoc, or per- 
ennibrancMate Batrachians), the gills 
remain during the whole of life. To 
this latter section belong the eel-sala- 
mander (Amphiuma), the gilled sala- 
mander, or axolotl (Siredon, fig. 52), 
the Proteus anguimus, which inhabits 
the underground lakes of the Tyrol ; 
and the curious Lepidosiren, which approaches the most nearly of any of this 
group to the class of fishes. 

Tlie Ifist section of batrachians is formed by the curious family of CcBciliadce, 
natives of America and Java, which combine with the form of serpents the 
naked skin and imperfectly developed ribs of frogs. In liiese animals the 
eyes are completely hidden beneath the skin ; hence their name. 

Tub Fourth Glass. Fishes (Pisces^. 

128. Fishes live exclusively in the water. They have no lungs, and 
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breathe by^i7&only; these gills consist of a number of projecting and 
very vascular membranous plates, situated on both sides of the head, and 
protected by a moveable flap, which is called the operculum^ or gill-cover. In 
the respiratory process, the water imbibed through the mouth is, by a 
niov(*inent of deglutition, forced througli the opening between the hranchial 
arches* and arrives thus at the gills, where the air which it holds in solution, 
is brought into contact with the blood ; this suffices to support the respira- 
tory process ; there are some fishes, however, which, finding this insuflicicnt, 
rise from time to time to the surface to breathe air. Tho water, afler bathing 
the surface of the gills, escapes outwards by the opening of the latter. 

The blood of fishes is red, but its temperature does not exceed that of the 
water in which the animal lives. 

A peculiarity in the organisation of most fishes is the existence of the 
so-called swimming hladder^ a kind of bag filled with air, and compressible 
at will, aiK^vhich, according to the space that it occupies, gives ip the^body 
of the fish a specific gravity, equal, superior, or inferior to that of tho water, 
and thus enables it to remain in equilibrium, to rise, or to descend in this 
liquid. 

The muscles of fishes are white, and are not separated in bundles by mem- 
branous envelopes ; their movements arc accordingly imperfect. 

The skeleton of fishes is only imperfectly developed ; the limbs of the 
other vertebrated animals being represented by Jins^ which are divided, 
according to their respective position, into pectoral, ventral, dorsal, caudal, 
and anal ; the fish being placed the higher in the scale of classification, the 
more nearly the fins correspond in number and position to the limbs of the 
higher animals. The fins have all very nearly the same structure, consisting 
almost invariably of a membranous fold, supported by bony or cartilaginous 
lays. 

The skin of some fishes is almost entirely bare, but in the great majority 
of them it is covered with scales or horny plates, which latter freciueiitly 
rise in* tubercles and spines. 

Fishes multiply by means of eggs, which arc in many of them produced 
in immense numbers, sevc‘jal hundred thousands being often produced at a 
time ; nay, the 9ve of a single female of the cod tribe has been estimated to 
cont ain nine millions of eggs I In the males we find the so-called milt or 
sofi roe. Fishes arc very serviceable to man in a variety of ways ; the flesh 
of the immense majority of them is eatable; and the bones, or gristle, scales, 
skin, swimming-bladder, and fat, are also turned to profitable account. 

* The hranchial arches which support the gills, are four pairs of bony arches, passing otT 
from the central porth'ii of tlio hyoid tipparatus, and first directed backwards, then curving 
upwards and inwiirds, and fixed finally to the base of the cnuiiuni by a series of small con- 
necting bones, termed the superior pliaryngeal bones. 



550 


ZOOtOGY, 


129. Classipicatiok op Fishes. 


A. Cartilaginous Pishes — Skeleton 
Cartilaginous. 

B. Osseous Pishes — Skeleton Bony. 

Pectoral {ind Ventral Pins. 

Bones of Upper Jaw 

Present. 

Absent. 

3. Order- 
Gills fixed. 
Juws soldered 
Cyclostoini. 

Soldered. 

Moveable. 


Gills set in tufts. 

Gills Pcctinifonn. 

1. Order- 
Gills fixed, 
Juws inove- 
ublc. 

riagiostoini. 

2. Order- 
Gills free. 
Elciitliero- 
briuicliii. 

4. Onler— 
Gills fixed. 
PlectogiuthL 

r>. Order— 
Tuft-gillcd. 
Lophobranebii. 

6. Order— 
Soft-flnncd, 
or Soft- 
rayed. 

Malacop- 

tcrygii. 

7. Order— 
Spiny-fi lined, 
or Spiiiy-rayed 
Acanthop- 
tcrygii. 


First Order. Plagiostobh {the Shark and Ray tribes). 

130. Among the Sharks or Squalidce^ the most voracious of all sea 
monsters, we notice the white shark (Squalus carcharias), and the Notiddmus 
(S. maximus), which latter sometimes attains a length of 36, and even 40 feet. 
The mouth of the shark is armed with several rows of formidable pointed 
teeth, which are found implanted even on the tongue. The white shark 
will often for days follow in the wake of ships, in expectation of prey. In 
many places (for instance in the valley of the Rhine, near Alzei), thousands 
of shark’s teeth Jire found, the petrified remains of an ancient world. The 
shark family contains many other genera, more or less departing from the 
ordinary type ; among these we mention the hammer-headed shark (Zygasna 
malleus), which has its snout prolonged in the form of a double-headed 
hammer, with an eye in the middle of each extremity ; the pristis^ or saw- 
fish, which is characterised by the extension of its snout into a long, flat, 
serrated blade; the reddish and spotted dog-fish (8. caniculaj, which attains 
only a length of two feet. 

The tuberculatcd skin of the shark is manufactured into shagreen, and 
abundance of oil is extracted from the liver. 

The rays^ or Raidos, are distinguished especially by their flat, orbicular 
shape, and by the thorny and spinous processes with which many of them 
are armed. 

The flesh of the skate (Raja batis) of the North Sea, is very palatable. 
The etectric ray^ or Torpedo^ is remarkable for its power of giving electric 
shocks; the electric apparatus of this animal ffig. 63^, consists of a multi- 
tude of membranous vertical tubes, closely packed together like the cells in 
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a bee-hive, and subdivided by horizontal partitions into small cells filled 
with mucous matter. 



[RlectricJil apparatus of the Torpedo:— c, brain ; me, spinal chord; o, eye and optic nen^e; 
e, electrical t)rgans; np, pneurnog.istric nerves, j)rocccding to the electric organ ; «/, bramdi 
IroJii the preceding, covering tlie lateral nerve; «, spinal nerves; 6, giUrf.] 


SeCONP Order. ELEUTUEROBRANCmi seu CllONDROPTEIlYGir Branciuis 

Liueris. 

131. This small order may be arranged under two families, viz., the 
Acipenseridee^ or Sturgeons^ and Chinrnrkhjn^ or Chiman-m. The former 
contains some of the most useful fishes, as, for instance, the common Sturgeon 
(Acipenser Sturio)^ and 
the Great Sturgeon (Aci- 
pmser hmo\ both valued 
on account of the excel- 
lent isinglass which is 
obtained from their air- 
bladders, and the Caviare 
which is prepared from their roe. The flesh of the common sturgeon is very 
palatable, that of the great sturgeon is much less esteemed. Sturgeons are 
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more abundant in some of the continental rivers than in those of Britain ; 
they are particularly numerous in the rivers which fall into the Black and 
Caspian Seas. Their capture and cure form an important branch of industry 
among the Cossacks of the Don. 

The most common species of the ChimoBraa is known under the name of 
the “ king of the herrings.” 


Third Order. Cyclostomi. 


132. The fishes of this order are the most imperfect of the whole class; 
and may be properly looked upon as the connecting link between the 
vertebrated and invertebrated sub-kingdoms. They can hardly be said to 
have a vertebrated skeleton, since even in the highest among them, the 
vertebral column is replaced by a sort of cartilaginous cylinder, in which no 
definite division into segments can be traced ; and in the lowest, this cylinder 
consists simply of a membranous bag, containing a gelatinous semi-fluid 
substance. The body is usually prolonged, and nearly cylindrical, and termi- 
nated byacircular mouth 



adapted for suction. 
To this order belong 
the Zam^rey(Petromyzon 
marinus, fig. 55), the 


river lamprey (P. fluvia- 

tilis), which is often caught and pickled in the north of Germany, the 
lamprillon, or lamproyon (P. branchialis), with hidden eyes, and the blind 
hag (Myxine), which secretes enormous quantities of mucus from its surface. 


Fourth Order. Plectognathi. 

133. This small order forms the connecting link between the cartilaginous 
and the osseous fishes. It contains most singularly shaped fishes, • whose 
skin is often covered with spines. As the most remarkable among them, 
we meution the globe- fishes^ or porcupine-fishes ; the former name has been 
given to them from their power of distending themselves into a spherical 
form; the latter from their spinous covering; when distended they float 
along the water with the back downwards. The gklbe-fish tribe contains 
three genera, viz., the Diodon^ or two -toothed, the Triodon^ or three-toothed, 
and the Tetrodon^ or four-toothed. The orthagoriscuSy or sun-fish^ looks like 
the anterior half of a fish cut in two in the middle ; it has the power of 
floating with its head and eyes above water, but not of distending itself with 
air like the globe-fishes. The trunk-fishes,, or Ostracions, have the head and 
body covered with an inflexible cuirass formed of angular plates of bone. 
The unkom-fish (Balister inonoceros), and the Balister pencilligerus^ which 
is remarkable for the appendages with which its body is furnished, belong 
also to this order. All the fishes of this order are inhabitants of the seas of 
warm regions. 

Fifth Order. Lophobranchh (Tuft-gilled fishes), 

134. The fishes of this order are mostly of small size, and often without 
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flesh; their gills are set upon the branchial arches in small round tufts 
arranged in pairs. As examples, we notice the needle fish, the Hippocampus, 
XhQ pipe-fish, or Syngnathus, the Pegasus, and the Sea-Dragon, 

Sixth Order. Malacopterigii, or Soft-Eated Fishes. 

135. This order, which is the largest of all, includes the most important 
families both of the sea and fresh-water fish, and in the capture, curing, and 
exportation of which thousands of men are constantly employed. The most 
important family of the order is that of the salmons and trouts (Salmonidae), 
which is characterised by having all the rays of the first dorsal fin st)ft or 
jointed, and the second dorsal consisting simply of a fold of skin enclosing 
fat. The mouth in the Salmonidae is wide, and mostly armed with hooked 
teeth. Most of them frequent the estuaries of rivers, and^iscend the 
stream at regular periods to deposit their spawn in its higher parts. The 
most valuable of the family is the common salmon fSalmo salar), of our own 
rivers, which is highly esteemed for its fine flavored red flesh. The Lake 
trout (S. lacustris), inhabits the large lakes in Switzerland ; and the common 
trout (S. trutta), a fine fish, beautifully marked with red spots, lives in the 
clear cool water of mountain streams. The capetlan (Mallotus), a small sea 
fish, congregates in enormous shoals, and forms the principal food of the cod 
and ling. The thymallus, or grayling (S. thymallus), whoso flesh is very 
palatable, is found in the Danul^e; and the lavarets (S. lavaretus and 
marsnnula), are common in the Lake of Constance. 

The herring tribe is also very important. The common herring (Clupea 
harengus) inhabits the north seas ; the method of curing this fish was first 
practised by Beukel in 1397. The estimated annual capture is 1000 millions, 
and about an equal number are supposed to fall a prey to other fishes. The 
anchovy (C. enchrasicholus), and the sardine (C. sardina), replace the herring 
in the "Mediterranean. The pilchard abounds on the Cornish coast. The 
shad (C. alosa), which ascends the rivers in the early part of the summer, 
is esteemed a great delicacy, but should be eaten with caution. 

The fishes of the pike family are little known ; many of them are inhabi- 
tants of the sea, as the gar jish, or sea pike, the exocetus, or flying pike, or 
flying fish, which is remarkable for the enormous development of its pectoral 
fins, upon which the animal may support itself a short time (about 30 
seconds) in the air. The comrrwn pike, or river pike (Esox lucius), with 
broad depressed head and black-spotted fins, is esteemed for its palatable 
flesh. It is most voracious. It is a very long-lived fish. It attains a weight 
of from 12 to 40 pounds, and a length of from 4 to 8 feet and more. 

The cy 2 ^nidoe, or carp tribe, are characterised by their small mouths, and 
by their feeble and generally toothless jaws. They mostly inhabit ponds and 
sluggish streams, and live, some on aquatic plants, some on worms, and some, 
as the barbel, on small fishes. Among them we notice the common carp 
(Cyprinus carpio), one of the commonest and most palatable of our fresh- 
water fish ; the loach (Cobitis) ; the barbel (C. barbus) ; the tench (C. tinea) ; 
the gudgeon ; the beautiful little goldfish (C. auratus), imported from China, 
and frequently kept in glasses and vases; the roach (C. rutilus); the bleak 
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(C. alburnus), a small fish, 3 or 4 inches long, whose minute silvery scales 
are used in the manufacture of glass pearls. 



The largest of our 
fresh-water fish is the 
silure^ or silurtis(Silxiru3 
glanis), the head of the 
silundcBy or silure tribe, 
to which belongs also 
the malapterurm^ or 
electric silurus of the 


Nile (Silurus electricus, fig. 56). 

The fishes belonging to the family of the gadidce^ or the cod tribe, have 
mostly a long body, rather slender, and covered, with the exception of the 
naked head, with soft scales. They live for the most part in the seas of cold 
or temperate climates, and are most highly esteemed for the wholesomeness 
and good flavor of their flesh. The most important of the family are the 
cod (Gadus morrhua), the ling^ and the haddock^ which are eaten partly fresh, 
partly preserved ; the haddock is considered the most delicate of the three 
when fresh ; but it does not take the salt as well as the cod and ling. From 
tlie liver of the cod an oil is obtained, which has of late years acquired a high 
reputation as a remedial agent in scrofular and tubercular diseases. Other 
members of the cod tribe are the the Imhe^ the rockling^ the coal-fish 

The fiat-fish^ or Pleuronectidce^ have still more delicate fle^h than the 
gadidcB ; among them we mention the sole (Pleuronectes solea), the tmhot 
(PL maxima, fig. 57), and the plaice (PL platessa, fig. 58). 



The reimra or sucking-fish (Echineis) is provided with a singular apparatus, 



which enables it to adhere with great firm- 
ness to foreign bodies ; this is a flattened disc 
which covers the upper part of the head, and 
is composed of a certain number of cartil- 
aginous and moveable plates, directed ob- 
liquely backwards. 

The Murcenidee^ or eel tribe, are character- 
ised by their long, slender, snake-like bodies, 
covered with a soft skin, and very minute, 
and often almost invisible scales. The fins 
are very small, and are partly wanting. The 
best known are the river eel (Muraena anguilla), 
the sea eel (M. helena), both excellent table 
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fish; the electric eel of. South America (Gymnotus electricus, fig. 59); 
the sand ed (Amnodytes), which is found in the sands on the shores of the 
North Sea and the Baltic, and is used by fishermen as a bait ; the snake-fish^ 
and the rihhand-Jish (Leptocephalus or Morris.) 

Seventh Order. Acanthopterygii, or Spiny-Rayed Fishes. 

136. This order also contains a number of important families ; the spinous 
fin-rays constitute the distinguishing characteristics. Among the most 
remarkable members of the order, we notice the sea-wolf or wolf-fsh 
(Anarrhicas liipus), a voracious animal, which attains a length of from 6 to 
7 feet ; its flesh is palatable and wholesome ; the (johies, which arc common 
in the lagoons of Venice, are very solicitous about their young. Peculiarity 
of conformation and appearance distinguishes the genus LophtadcBj or anglers^ 
or frog fishes^ among which we mention the hideous Sea Deml^ and the 
Chironoctes, or Hand-fish, The genus Scarusy or Parrot-fishy and the 
Sparidcey or Sea-BreamSy are remarkable for the beauty and brilliancy of 
their tints. 

The Perch (Perea fluviatilis), is one of our most common fresh-water 
fishes ; the color of its pectoral, dorsal, and caudal fins is red, it is marked 
with black transverse bands over the green-colored back ; its flesh is very 
palatable. To the Percidm belong also, the Basse; the Pike-Perch 
(Lucioperca) ; the (Accrina cernua) ; the TrachinuSyOV Weaver; 

the UranoscoimSy or Star-gazeVy so called because its eyes arc situat(}d in tli(i 
crown of the head, and directed towards the heavens; the red Mullety 
AUdluSy or Surmullet (Mull us snrrnulctus), held ’u high repute among the 
epicures of ancient Rome, who paid as much as 40 pounds sterling for tliis fish. 

Nearly allied to the Perches are the TriglcCy or UurnardSy among which we 
mention the grunting or croaking Gurnard (Trigla hirundo), and the flging 
Gurnard (Dactylopterus volitans). 

The GasterosteuSy or Stickle-backy is an active and rapacious little fish, 
which does great injury in our rivers by devouring the spawn of other fishes. 
Among the most important fishes of the 7th order are the Mackerel (Scomber, 
fig. 00), and the Tunny (Thynnus), the largest of the edible sea-fishes, which 
occasionally attains a length of 15 feet and above, and is very plentiful in the 
Mediterranean ; its flesh, both fresh and salted, forms a considerable part of 
the food of the common people of the shores of the Mediterranean, and the 
Tunny fishery constitutes an important branch of industry in these parts. 



60 . 61 . 

Another remarkable group of the Mackerel tribe consists of the sword-fish 
(Xiphas, fig. 61), and its allies, which have the muzzle elongated into a 
spike terminating in a sharp point, and constituting a most formidable 
weapon. The Pilot-fish (Naucrates ductor), is commonly regarded as a guide 
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to the Shark. The Surgeon (Acanthurus) is armed on both sides with a 
sharp cutting spine. Among the so-called Scaly -finned fishes, we find the 
ChcBtodons^ beautifully colored fishes of singular figure, abounding in the 
tropic seas, and among which we mention the Chcetodon rostratus^ and the 
Archer (Toxotes jaculator), inhabitants of the seas around Java, and of the 
Indian Seas, and which are remarkable for the manner in which they obtain 
their insect prey, viz., by shooting at them small jets of water fi:om their 
long snout. 

One of the most remarkable of all fishes is the Anahas^ or clmhing fish of 
the South East of Asia and the adjacent islands, and of Southern Africa. 
This curious animal can exist a considerable time out of water, and can migrate 
over land from one pond or stream to another ; in the course of its journey 
it climbs up steep banks, and even trees, with the assistance of its spiny rays. 
The hig-lteojded mullet (Mugil cephiJus), which inhabits the mouth of the 
rivers that^, flow into the Mediterranean, and the snipe-fish^ or sea-pie 
(Centriscus scolopax), a fine flavored fish, bring up the rear of the order. 


B. Invertebrate Animals (Avertebrata). 

137. The invertehrata occupy a much lower station in the scale of creation 
than the vertebrated animals. The organs of vegetative life preponderate in 
them more or less over those of animal life ; and in some of the lowest orders 
of them, even the former are so imperfectly developed that doubts were long 
entertained whether they ought to be placed in the animal or in the vege- 
table kingdom. 

The one organ which is invariably present in the invertehrata^ from the 
highest order of them down to the lowest, is, of course, the stomach or 
alimentary apparatus ; the lowest of the invertebrated animals are, so to say, 
all stomach, their body consisting of a simple digestive bag, or sac ; — but 
as we ascend higher in the scale, we find a stomach distinct from the" body, 
and besides this, tubiform structures, which correspond to the liver in the 
higher classes of animals, vessels containing colorless blood, and nervous 
ganglia — in short, all the organs which we designate in man as viscera, 
lienee the higher orders of the invertebrated series may be termed also 
visceral animals. 

But, even in the very highest orders of invertebrated animals, there is 
hardly the least approach to that collective complex system of bones, muscles, 
and nerves, which characterises the vertebrated animals, and gives to them a 
definiteness of shape, a vigor of motion, and an intelligent will, such as none 
of the invertebrata possess. 

The organs of the senses, by which alone the relations of the animal with 
the outer world are established, are also only most scantily developed, or 
even altogether absent, in the invertebrated series. 

138, The soft mass of the viscera which constitute the bodies of inver- 
tebrate animals, is well protected against external injuries ; being in some 
enclosed in a series of tough gristly or horny rings ; in others within a cal- 
careous shell. 

The invertebrated animals are characterised also by their general com- 
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parative dimiimtiveness. The majority of them are barely visible to the 
naked eye, and the large CtUtle-Jish and the Tridcume or Giant Clamp-shell 
alone attain anything like large dimensions. 

But the inferiority in size and organisation of the invertebrata, as com- 
pared with the vertebrated scries, is compensated in a measure by the 
astonishing multiplicity of genera and species, and the almost incredible 
number of individuals found in the invertebrate sub-kingdom. It seems as 
if nature intended to show, by this infinite number of ever new, ever varying 
creations, with what ease she can accomplish the same objects in an infinite 
variety of forms and organisations. 

ISy. The usefulness to man of any individual animal of the invertebrate 
series, is of the most insignificant kind, compared’ to that of the higher 
animals. In fact, the invertebrata acquire importance only from their num- 
bers, and most of them are rather injurious than profitable to man. Millions 
of the most diminutive of them are waging incessant war agairyjt our pro- 
visions, our clothes, our habitations, and even our bodies ; and many of our 
customs and domestic arrangements are simply instinctive means of defence, 
adopted unconsciously against the depredatory incursions of these infinitely 
small foes. 

Most moil would no doubt willingly renounce lobsters, shrimps, and 
oysters, and honey, silk, wax, shell-lac, and other products of the lower 
tribes of animals, if exemption might be purchased thereby from the attacks 
and ravages of the locust, the caterpillar, the moth, the grub, the maggot, 
the gnat, the mosquito, the bug, the ilea, and the countless myrinds of other 
vermin that prey upon man in one way or another. 

13iit the destruction and removal of these lov'er orders of animals, would 
involve tlie ruin and destruction of millions of animals of the higher orders, 
and a total disarrangement of the universal harmony of nature ; in fact, no 
individual link, however so insignificant apparently, can be abstracted from 
the great chain of organic life, without breaking the whole chain. 

We* divide the invertebrated series into ten classes, viz. : — Crustacea^ 
Insects, Araclinida, Annelida, MoUnsca, Entozoa, Echinodermata, Acalephce, 
Polypifera, and Infusoria or Polygastnea, Under the class Pohjpiferat natur- 
alists generally include a group of very minute marine animals, which, 
owing to their extreme minuteness, have not as yet been satisfactorily 
examined, and to which D’Orbigny gave the name of Foraminifera^ 

Fifth Class. Crustacea. 

140. The tegumentary skeleton of the Crustacea is generally very firm 
and hard, containing a considerable proportion of carbonate of lime. The 
body is divided into two distinct portions, the cephalo-thorax (made up of 
the head united to the thorax, and covered with a shield), and the abdomen, 
which latter usually presents the appearance of a tail. In some of them, in 
the Sandhopper and woodlouse, for instance, the head is distinct from the 
thorax. The Crustaceans breathe by hronchicje or external gills, or by 
membranous vesicles, or by the general surface. The animals of this class 
possess the reproductive or recuperative faculty (the faculty of reproducing 
lost parts), in an eminent degree. 
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The highest order of Crustaceans, and the one most useful to man, is 
constituted by the Decapoda (ten-legged, or ten-footed). The lobsters^ 
crabs, cray-fish, prawns, shrimps, in short, nearly all the edible species, belong 
to it. The first pair of legs is transformed, in these animals, into power- 
ful claws or pincers. We notice here more particularly, the prawn (fig. 
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62), the shrimp (Cancer grangon), the lobster (Astacus marinus), which 
sometimes attains a length of two feet ; the Palinurus or Spiny lobster (the 
Locusta of the ancient Romans); the Hermit Crabs or Paguridw, whose 
tail is destitute of a calcareous envelope, which makes them resort to 
various artificial methods for the protection of their soft part ; most of them 
seek for this purpose univalve shells, in which they take up their abode, attach- 
ing themselves to the interior by a sucker, with which the tail is furnished 
at its extremity. In fresh water we find only the river ci'ay-Jish (Astacus 
Iluviatilis), of a brown color, but which, on the animal being boiled, assumes a 
lively red tint. This crab casts its shell from time to time, and forms a new one. 

A special suborder of the Decapoda is formed by the Brachyoura oi* short- 
tailed decapods, to which the name of crabs is commonly applied. Like 
most individuals of the class, they easily lose their claws, which are as easily 
restored. There are many species of crabs, as e.g. the Cardnus memos, or 
common small edible crab ; the Maia, or Sea-Spider ; the Cancer pagurus, or 
common large edible crab ; the river-crab of Southern Europe (Thelphusa) ; 
the Land-Crab of the Antilles (Gecarcinus), remarkable for the migration 
which it makes ; viz., when the season arrives for the deposition of the eggs, 
it moves towards the sea in large companies, and returns subsequently inland 
accompanied by the young ; the pea-crab, which, at least part of the year, 
resides inside various bivalve shells, such as mussels, &c. ; and the Podoph- 
thahna, which is extremely remarkable for the length of its eye-bearing 
foot-stalks. 

The Isopoda form another order of the Crustaceans ; most of the animals 
of this order are aquatic, but one group is terrestrial. The terrestrial 
Isopods, of which the common wood-louse is a very familiar example, 
frequent for the most part damp and dark situations, such as cellars, caves, 
holes in walls, &c. They have the power of rolling themselves into a ball ; 
the armadUlo pustulatas belongs to this section. Many of the aquatic Isopods 
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are parasitic upon other animals, very fre*quently upon larger Crustaceans, as 
is the case, for instance, with the Boj)yrus^ which atlixes itself to the common 
prawn. The Myriapoda bear considerable resemblance to the Isopods ; but 
most naturalists place them now in a distinct class by themselves, we will, 
however, here include them among the crustaceans. We notice among 
them the Centipede, or Bcolopendra^ of which the yellow variety is luminous 
in the dark ; and the Millipede, or lulus, with a long and cylindrical body, 
consisting of between forty and fifty segments, many of wliich bear two 
pairs of almost thread-like legs. 

To the order Amphipoda belong, the Water-jlca (Gammarus pulex), the 
Sand-hopper (Talitrus locusta), and the Coryphium, which is remarkable for 
its very long antennae, and its predaceous habits. 

To the order Lcemodipoda belong the Cyamus halcenarum, or Whale-louse, 
and the Spectre-louse (Caprella Phasrna). The Branchipiis belongs to the 
order Phyllopoda; the Daphnia pulex, or Monoculus, or Arhorq^cent Waier- 
jlea, to tlie order Cladocera; tlie Cypris, to tlie order Ostrapoda, The 
Crustaceans of the order Siphonostoma, are all parasitic upon fishes, aquatic 
batrachians, &c., and many of them are known under the name Jish-lice; 
we mention of them the two genera Argulus and Callgus. The order 
Xiphosura contains only a single genus, viz., the Molucca crab, limulus .or 
king-crab, which attains sometimes a length of two feet, and is characterised 
by a long horny process of the posterior shield, which some of the Malays 
use as a point for their arrows. The Cin'hopoda, or barnacle tribe, were 
formerly classed with the mollusks, and are now by many naturalists placed 
in a class by themselves. Most of them have a shell composed of several 
pieces, and are affixed to rocks, posts, or othe’* solid masses. Among them 
we notice the lepas, or barnacle, and the balanus, or acorn-shell, called also 
the sea-tulip, and of which several species attach themselves to fucus, to 
crabs, and to the skin of the whale. 

■ 

Sixth Class. Insecta (Insects). 

141. We come now to the evcr-active all-animating world of insects, which 
everywhere people the earth, the waters, and the .air. Wliilst the grubs and 
larvae hide in the earth and in the chinks of rocks, or frisk about in the water, 
or sit ensconced in the very core of trees, piercing and gnawing the wood in 
every direction, the perfect insects swarm in countless myriads in the 
air, or flit restlessly to and fro in the peiformancc of some task assigned 
to them by nature. 

He who would contemplate and observe the busy life of this miniature 
world, let him stretch' himself on a warm summer afternoon on the green 
turf of the brink of brook or river, and he will find himself in the midst of 
a stage whereon a numerous community of beings of the most varied kind, 
from the plain, ever-busy ant, to the idle, gorgeously painted butterfly, are 
performing as it were around him the ever changing comedies and tragedies 
of their brief existence. There booms and buzzes the beetle ; the industrious 
bee is busy collecting honey and wax ; the caterpillar is feeding on the green 
lefif; the butterfly roams from flower to flower; the flies and gnats are 
swarming and dancing in the air. 


2 f2 
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The insects are characterised by the division of the body into three distinct 
parts, viz., the head, which always consists of a single piece; the thorax, 
which always consists of three rings or segments ; and the abdomen, which is 
composed of a considerable number of rings or segments (frequently as many 
as nine), moveable .upon each other. Each one of the three thoracic 
segments has a pair of members or appendages attached to it, so that every 
insect has 3 pairs of legs (see fig. 63). Along the body, on both sides, are a 


Antennffi - 
Eyes - - 


Head. 



number of air-conveying canals or respiratory tubes (trachcas), which com- 
municate with the interior, and ramify minutely in the substance of the 
organs. Insects are provided with highly developed senses ; there can be 
no doubt but that they possess the senses of smell and hearing, as well as 
those of sight, taste, and touch, although we have not been able as yet to 
discover distinct apparatus for the senses of smell and of hearing (at all 
events, not in the greater part of these animals), and are still very much in 
the dark indeed, regarding the apparatus for taste. But the organ of sight 
has been studied more closely. In general, the eyes of insects, though 
appearing single at first sight, ai;e, in reality, formed by the aggregation of 
a multitude of hexagonal facets, or small eyes, having each a cornea, a 
conical-shaped vitreous body, a layer of coloring matter, and a separate 
nervous filament proceeding from a bulbous expansion of the same optic 
nerve. The antennae and the buccal apparatus are also highly developed in 
insects, and present very considerable variety of form and structure. 

The wings of insects arise always from the last two segments of the 
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thorax. In several kinds of insects theSe organs are not present. In the 
limbs of insects, we may distinguish a haunch composed of two joints, a 
thigh, a shank, and a kind of finger, called tarsris^ and which is divided into 
from two to five joints, and terminated by claws. 

A most curious phenomenon presented by the insect dass, are the changes 
which insects, in general, undergo before arriving at a perfect state, and to 
which the name metamorphosis has appropriately been given. From the egg 
slips out the LaroUy which is always more or less vermiform, and passes some- 
times by the name of caterpillar, sometimes by that of worm. The Larva is 
very voracious, grows rapidly, casts its skin repeatedly, and passes after a 
longer or shorter time into the pvpa or Chrj/salis state. In this second 
period of its existence, the animal takes no food, and remains motionless, 
sometimes the pupa is covered simply by a thin pellicle ; sometimes the skin 
cast off last, dries up, and forms a hard oval envelope for the pupa. Whilst 
the insect is in this state of apparent repose, active operation's are going 
on within the body, which result in the complete development of the entire 
organisation ; when the evolution is finished, the insect breaks through the 
integumentary envelope enclosing it, spreads its wings, which speedily 
acquire firmness, and makes its appearance in the world as o. perfect insect or 
imago, (see figs. 64, 65, and 66). 



64. Larva. 65. Pupa. 



66. Imago. 
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142. Tabular View of the Order of Insects.* 


1. 

Coleoptera, 

or 

Ilomy-wingcd. 

2. 

Hemiptera, 

or 

Ilalf-winged. 

y. 

Ortlioptera, 

or 

Straight- 

winged. 

4 . 

Ncuroptcra, 

or 

Net-winged. 

5 . 

Lepldoptcra, 

or 

Scaly-winged 

6. 

Hymenoptera 

or 

Membrane- 

winged. 

7 . 

Diptera^ 

or 

Two-wiiiged. 

1. Pantamem 
(five-parted), in 
which tlie tarsi 
are distinctly 
tivc-jointed. 

2. Jleternrmra 
(differentiy- 
pavtcd), in ^Yhidl 
the tarsi of tlie 
first two pairs of 
feet are live- 
jointed, and of 
ti)u two hind 
pairs, tour- 
join ted. 

ft. Tdramera 
(four-parted), in 
wiiich alithc tarsi 
o/);wfr to he four- 
jointed, tliougli a 
very minute fiftii 
joint exists con- 
ecaied in one of 
tiic others. 

4, Trimera 
(tiiree parted), in 
Avideii all the tarsi 
have tiircc dis- 
tinct joints; how- 
ever, u very 
miiuttc fourth 
joint is aiso pre- 
sent 

1. ffomoptera. 
Cicadas, 
Frotii-hop- 

pevs 

(Cercopidac) 

Luntern- 

fiics 

(Fulgoridaj), 
Piant-lice 
(Apliidjc), 
Scaie Insects 
(Coccidii;)i 

2. lleit^roptmt, 
linud-bugs 
((Jcscorisie), 
Wnter-imffs, 

(Ilydrocorisaj) 

1. Cursoria, 
Cockroaches 

(Blattidai), 

Mantidifi, 

Spcctre-inscc. 

U‘llaslnida^). 

2. Saltatoria, 
Crickets 

(A-chetida;), 

Grasshoppers 

(Gryllidic), 

Locusts 

(LocustidaO. 

3. ForflmH(k<P^ 
or J'JarmfjSy 
raised by 
some into a 
distinct or- 
der, under 
tlu! name 
JJi>nu<r/>fera 
(IcatfuMy- 
wiiiged). 

Dragon-flies 
(LibcllulidaB), 
Day-flies 
(EpheineridstJ) 
White ants 
Cl'ermitidaj), 
Ant-lions 
(Myrmelc- 
oiiida:), 
Aphis-litnis 
(UemcTo- 
l>iid:e). 
May-flies 
(SialidaO, 
Scoi’pion-flies 
(Panorpid.'K), 
Snakc-fiies 
(Haphidiidw), 
Mantis-flies 
(Mantisidila*), 
Caddlce-flies 
(Plirygan- 
cid:e). 

1. Diurna^ or 
Butter flies^ 

2. Orepuscu- 
Inria^ or 

Ilawk-itwtJis, 
or Sphinges. 

3. Noctuma^ 
Hepialidai, 
UoTnbycid.'B, 

Noctiiida*, 

Geometridic, 

Tortricidic, 

Tincidie 

(Clbthcs’- 

inotlis), 

FissipennsB 

(Pliuned 

motlis), 

Strepsiptcra 

(Twi-sted- 

winged- 

moths). 

1. Terebrantia^ 
or 

Borers. 

a. Phytiphaga 
(Larva? vege- 
table feeders), 
Tentlirc- 
dinidie, or 
Saw-flies, 
Siricithc. 
b. Entomo- 
phaga 

(Larva? para- 
sitic, feeding 
upon living 
insects), 
Cynipidjc, or 
Gall-flies, t 
Icimellmoni- 
da?, 

Chalcidida?, 
Chrysidida?, 
or Ruby- 
tailed flies. 

2. Acukata^ 
or Stingers. 

а. Preedones 
(of predaceous 

habits), 
Fossores, or 
Diggers 
(Sand, and 
wood-wasps), 
Formlcida?, 
or Ants, 
Vespida*, or 
Wnsi)s. 

б. Afellifenu 
or Honey-col- 
lectors. 

Andrcnida?, 
or Solitary- 
bees, 

Apidu', or 
social 1)ccs. 
«. Bombi, or 
IIuml)]e-1){?(?s. 
/3. Uivo-i)ees. 

1. Nemocera. 
Ciilicid;e, or 
Gnat-tribe, 

Tipulida?, or 
llaiTy-long- 
legs, 

2. Notacantha. 
Stratiomida*, 

Berida?, 

Cmnomyida?. 

3. Tanystoma, 
I’abanida?, or 
(5ad-t1y trii)e, 
Bombyliidti*, 
Antliracid.a?, 
Asilida*, &c. 

•1. Atherkera^ 

Syrplflda*, 
Muscidas or 
FIy-tril)c, 
(Estnda?, or 
Bot-flies. 

5. Pupipara^ 
Ifippoboscid.a? 
or rorest-flles, 
or spider-flies, 
XycteribiidsB, 
or Bat-lice. 


First Order. Coleoptera {the Beetle tribe). 

143. llie insects of the beetle tribe are characterised by the solid texture 
of their integuments, and by the conversion of the first pair of wings into 
elytra^ or hard horny wing-cases, by which the posterior (membranous) 

* Besides the seven orders given here, there are the three orders of Apt'jrous, or wingless 

insects, viz., the Aphaniplera^ or A'/ea-tribe, the Anojihura, or Lott«e-tribe, and the Thysanoura^ 
whicli latter contains two families, viz., the Lepismulte^ and the PoduHdoi^ or Spi'ing-taih, 
The second order of winged insects, that of the Hemiptera^ is now usually divided by natur- 
alists into two distinct orders, viz., Ilomoptera, and Heteroptera. 

f This family corresponds however with the preceding in its general habits, and in the diet 
of its larvic. 
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wings are completely enclosed, when the insect is at rest. The members and 
the buccal apparatus, more especially the mandibles and the maxillce^ are well 
developed. The largest and most brilliantly colored beetles are found in 
India and Brazil. The metamorphosis is complete in the beetle tribe. The 
larvae of many of the coleopterous insects, land frequently also the latter 
themselves, are very destructive to vegetation; others feed on animal 
matters, such as the carcases and skins of animals, fur, (&c., and commit 
occasionally considerable ravages in this way. 

The most important of the section Pmtamei'a are the two large tribes of 
the CkmdelidcB and Carahidee^ predaceous insects of most active habits, most 
of them carnivorous, but some also herbivorous ; among the Cicindelida?, we 
mention the Sand-sparkler (Cicindela campestris) ; among the Garahidce^ the 
Goldsmith^ or gardener beetle (Carabus auratus), the Sycophant (Colosoma), 
and the Bombardier beetle. Among the Palpicornes^ which are most of them 
aquatic, we notice tlie IlydrophUns piceus^ a most voracious apimal, wliich 
feeds upon tadpoles, upon the young frog in fish ponds, andiipon small fresh- 
water mollusks. The type of the family Brachelytra^ or short-winged beetles, 
is the voracious and agile Staphylinm Erythropterus. The ship-jacks 
(Elator), spring perpendicularly up in the air, when laid on their backs. The 
various species of Buprestris arc distinguished for the brilliancy of their 
colors. The death-watch belongs to the genus Ptinus ; many species of the 
sub-genus Anobium do much injury, in the larva state, to furniture, books, 
&c. Among the Carrion beetles^ we notice the gravedigger^ or bumjiag beetle 
(Necrophorus), the bacon-maggot or jumper (Dermestes), and the destructive 
museum beetle (Anthrenus museorum); among the Scarahiea, the Sacred 
beetle of the Egyptians, the common Dor^ the pill-chafer (Birrhus), or Shard 
borne beetle (Geotrupes Stercorariusi, the rose beetle (Cetonia aurata), and 
the common Cockchafer (Melolontha vulgaris), which is most destructive to 
vegetation, in its larva state as well as in its insect condition. The Stag- 
beetle (Lucanus Cervus), is characterised by its large, curved, and toothed 
mandfbles. The wingless female of the glow-worm^ or Lampyri% sheds a 
phosphorescent light about it in summer evenings. 

Among the Heteromera we find the Mclasoma^ or black-bodied beetles^ 
among which we notice the Blaps mortisaga, and the 
Tenebrio molitor ; the larva of the latter, known under 
the name of the meal-worm, is the favorite food of the 
nightingale. To this section belongs also the most 
useful of all beetles, the Spanish fly or blistering fly 
(Lytta seu Cantharis vesicatoria, fig. 67), which is so 
extensively used for vesicatories ; this insect is found 
in great numbers on the ash and lilac, where its pre- 
sence is betrayed by its unpleasant smell. 

In the section Tetramera Phyncophorce^ we find the 
weevils^ among which may be mentioned the nut weevil 
(Balaninus nucum), the vine weevil^ and the com-bmr 
(Calandra granaria), which commits great havoc in 
granaries. The diamond beetle (Curculio imperialis), one of the most 
splendid of all beetles, belongs also to this tribe. Among the Xylophagi^ 
or ivood-eaters^ may be mentioned the Typographer beetle (Bostrichus 




564 


ZOOLOGY. 


typographus), and the ITylurgus Pimperda^ both most destructive to trees, 
especially to pine-trees. The Golden beetles^ or Chrysomelinas^ are brilliantly 
colored insects of a hemispheric or ovate form. 

To the small section Trimera belongs the genus Coccinella, among which 
the Lady-bird (Coccinella septempunctata) is very useful to plants, by the 
destruction of hosts of Aphides which infest them. 

Second Order. Hemiptera. 

144. The insects of this order have the mouth adapted for suction, the 
tongue being elongated and channelled like a gutter, and surrounded by 
delicate lancet-like organs, with which the tissues of plants (and also of ani- 
mals) are pierced. Most of the insects of this class subsist on vegetable 
juices ; sonic, however, prey upon weaker insects ; and a few species, such 
as the common bug, suck the juices of larger animals. To the section 
JTomoptera belong the Coccidm^ or scale-insects^ among which we notice the 
Coccus cacii\ which furnishes tlie valuable cochineal ; and the Coccus lacca 
of the East Indies ; this latter insect pierces the bark of the Indian iig-tree, 
and leads thus to the exudation of a sap, which hardens in the air, and is 
known as a most useful article, under the name of Zac, or shell-lac. 'Fhe 
Aphides^ or plant-lice^ are most destructive to plants of almost every descrip- 
tion. Many of the blights so injurious to the gardener and the agriculturist 
consist simply of microscopic aphides. From two horn-like processes at the 
hind part of the bodies of the aphides, exudes a saccharine secretion which 
the insect drops on the leaves, and which is known as honey-deiv, (It is not 
yet quite settled, however, whether the honey-dew is not the extra vasatod 
sap flowing from the wounds made by the insects in the leaves.) The 
Cicada is remarkable for the monotonous sound which it emits, and which 
results from the alternate tension and relaxation of an elastic membrane, 
placed like the skin of a drum upon the base of the abdomen. The Aphro- 
phora spiimaria, or froth-hopper., covers the willow- trees with a peculiar frothy 
secretion. The Fulgoridw arc remarkable for a curious prolongation of the 
forehead, which sometimes equals the rest of the body in size ; it is in this 
prolongation that the luminous property of the lantern-Jly of China and 
Guiana (Fulgora ljuiternaria) is said to reside. The luminousness of this 
insect is, however, doubted by many naturalists. The Heteroptera bear a 
close general resemblance to the Homoptera, but are distinguished by the 
nature of their anterior wings, which are coriaceous at their bases, and 
membranous only towards their points. Some of the tropical species are 
beautifully colored and marked. Some emit a pleasant, others, as the com- 
mon bed-bug (Cimex lectularius), and its allies, a most disgusting odor. The 
common bed-bug is a wingless insect, but too well known as one of the most 
troublesome pests. The Ilydrometridce^ a curious group of very long-legged 
insects, which may be seen on almost every pond or stream, skimming along 
the surface with the greatest ease and velocity, form the connecting link 
between the land-bugs and the true water-bugs. To the latter belong the 
Nepidee.^ or waler scorpions^ so called from the scorpion-like form of tlieir 
fore-legs. 

Third Order. Orthoptera. 

145. In the insects of this order the anterior wings are partially mem- 
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branous, and the posterior wings are folded up beneath them in a fan-like 
manner. The metamorphosis is incomplete in this order, the larva and 
pupa differing from the perfect insect only in the absence of the wings and 
wing-covers. To this order belong the locusts (Locustidse), among which we 
notice the large green locust (Locusta viridissima), and the migratorg locusts 
(Acridium migratorium), which occasionally pass from Asia into Europe in 
enormous swarms, and eat up every green thing ; the crickets (AchetidcD^ and 
the grass-hoppers (Gryllidae), which may almost be looked upon as forming one 
and the same family. To this group belong our house and field-crickets, which 
produce a peculiar and chirruping sound by rubbing their wings against 
each other ; and the ugly mole-cricket (Gryllotalpa vulgaris) ; the voracious 
maniidcRy or mantis tribe, the walJcing-sticlcs^ and the walking leaves (Phy Ilium 
siccifolium) ; the Forficulidae, oi earwigs; and the Blattid®, oi cockroaches^ 
nocturnal voracious insects, but too well known as a plague of our kitchens 
and bakehouses. 


Fourth Order. Neuroptera. 

146. In the insects of this order, both the anterior and the posterior wings 
are membranous and transparent, and the veins or nerves, (t. e, the hard 
framework on which the membrane of the wing is extended), forms in both 
pairs a very beautiful minute network. Some of the Neuroptera are dis- 
tinguished by the size, others by the brilliancy of their eyes. In some the 
metamorphosis is complete ; in others there is not much diflerence between 
the larva and the'pcrfect insect, except in the absence of wings in the former. 

The most remarkable of the Neuroptera are the LibeUuUdw or Dragon-flies, 
distinguished by their varied colors and their large gauze-like wings ; they 
mostly frequent the neighbourhood of pends and streams, where they may often 
be seen skimming over the surface of the water in search pf fiies, gnats, and 
other small insects, upon which they feed,— the Myrmeleonidw, or Ant-lions, 
whose larvaj devour multitudes of ants, which they catch in funnel-, 
shaped* holes made in the sand, — the Ajiihis-lions, whose larvae are extremely 
voracious, and destroy multitudes of Aphides, — the EphemeridcB or Day-flies, 
so called from the short duration of their lives in the perfect state ; these 
insects, after having existed for two or three years in the larva and pupa 
state in the water, quit that element near sunset on the fine days of summer 
and autumn, to undergo their final change. They are sometimes produced 
in such immense numbers at one time that the ground is literally covered 
wdth them, after their death ; they live sometimes only a few hours in the 
perfect state, and never beyond the second day, — the Termites or White A nts 
of India, Africa, and South America, social insects which live in communities, 
consisting of kings and queens, soldiers and laborers ; the kings and queens 
are perfect insects, the soldiers appear to be the pupae, checked in their 
development, and the laborers the larvae, checked in their development. The 
nests which they erect, and which are termed “hills,” are sometimes ten or. 
twelve feet iii height. They are most destructive animals, devouring every- 
thing in their way. 

Fifth Order. Lepidoptera. 

147. Lepidopterous insects are commonly ranked as butterflies, moths, and 
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sphinges^ or hawk-motlis. Their wings, which are mostly large, are mem- 
branous, and are covered with minute scales, having the appearance of fine 
dust, and which may be brushed off with the finger. The metamorphosis 
is complete in this order. The larvas are called caterpillars^ and have never 
more than eight pairs of legs ; before they undergo the pupa metamorphosis, 
the larvae generdly prepare a case, or cocoon, as a defence for themselves, 
and in which they shut themselves up. The pupa is generally termed Chry^ 
salts. The larvae of many of the lepidopterous insects are notorious for the 
injury done by them to plants and trees ; thus, the larva of the Codling moth, 
(of the family Tortricidee) is one of the most destructive enemies of the apple 
crops of this country. Another species, the Tortrix antiqiia, does great damage 
to the apricot trees ; the Tortrix gognostigma, to the damson plum tree ; the 
]? gratis vitis seu Tortrix vitana, to the vine ; the Noctua piniperda, Bomhyx 
monacha, Bomhyx pirn, and the processionary caterpillar, to forest trees, 
especially pines and firs ; the Tachyptera hrassica, the Noctua hrassica, and 
others, to colewort and other vegetables of the kind. The corn-moth 
(Tinea granclla) commits occasionally great havoc in corn. The clothes'-- 
moth (Tinea sarcitella) and the fur-moth (Tinea pellionella), gnaw hides, 
wool, leather, fur, &c. 

Among the most beautifully painted and marked butterflies may be men- 
tioned ih^peacocJc (fig. 68), the satumia promethea, the emperor moth (Saturnia 

pavonia), the red admiral 
(Tachyptera atalanta), the 
painted lady, the convol- 
vulus moth (Sphinx con- 
volvuli), the deatICs-head 
moth (Sphinx atropos), the 
ApoUo, the swallow-tail 
huiterfly (Aoronauta ma- 
chaon), the Aeronanta po- 
daliria, the white-htjrdercd 
mantle (Tachyptera aiiti- 
opa), the spurge sphynx 
(Sphinx euphorbii), the 
sphinx ocellata, the Tachy- 
ptera lo, the purple em- 
peror (Tachyptera iris), the 
homhyx caja, the noctua sponsa, the noctua fraxina, the Camherwell beauty, the 





69. Silkworm Moth. 70. Chrysalis of the Silkworm. 

tortoise-shdl, the bee-bird or humming-bird hawh-moth (Sphinx stellataruin). 
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The largest of the whole order is the Bombyx Atlas of China and Java, which 
attains a breadth of seven or eight inches across the wings. 

148. The most important insect of the whole order is the Bombyx mwi^ 
or silk-worm moth (figs. 69, 70, and 71), whose larva furnishes all our silk, 

and indemnifies us thereby in a 
great measure for the ravages 
committed by many other mem- 
bers of the order. The silk- 
worm and the mulberry tree, 
upon whose leaves it feeds, were 
first introduced into Europe 
from China towards the middle 
of the sixth century. The cul- 
tivation of the mulberry speedily 
spread in the Peloponnesus, 
which received from it its 
modern name of Morea, From 
Morca, the mulberry and the 
silkworm were imported into 
Sicily in 1130, and thence they spread to other parts of Italy. About 1470, 
they were introduced into France. Attempts have been made also, and not 
unsuccessfully, to cultivate the mulberry in Germany and in England. The 
total value of the raw silk annually produced in France is estimated at about 
one million pounds sterling. Silkworms remain in the larva state for about 
34 days, during which time they consume an enormous quantity of mulberry 
leaves (the larvae proceeding from an ounce of eggs devour from 1200 to 
1500 pounds of leaves.) At the end of this time the worm spins its cocoon, 
of a single thread, of which the length is about 900 feet, but often exceeds 
1100 feet; the weight varies, sometimes 200 cocoons weigh a pound, some- 
times 400 are required to make that weight. The worms proceeding from 
an oufice of eggs produce usually from 70 to 80, but occasionally as much 
as 130 pounds of silk. It generally requires 10 pounds of cocoons to pro- 
duce one ipound of spun silk. From eight to twelve cocoon-threads, twisted 
together, give a thread pf raw silk of the thickness of a hair. 

Sixth Order. Htmenoptera. 

149. In the insects of this order, the four wings are membranous, as in 
the Neuroptera, but traversed by few veins or nerves only, and which form 
no close network, as they do in the latter order. The metamorphosis is 
complete. In the section IchnmmmiidcB, the female is furnished with a sharp- 
pointed ovipositor^ by means of which she deposits her eggs in the bodies of 
other insects, more particularly caterpillars, restraining thus their excessive 
multiplication, as the young grubs, when hatched, feed upon and destroy 
the animal infested by them. The Cynipides or gdll-Jlies deposit their eggs 
in a similar manner in the leaves, buds, stalks, and young stems, and roots 
of various plants and trees ; besides the eggs, they deposit a drop of irritating 
fluid, which causes the production of tumors, or galls, of various sizes, shapes, 
and colors, and the most important of which is the common gaU-nut of com- 
merce employed in the mani^acture of ink, and in the process of dyeing black. 



568 


ZOOLOGT. 


The fassores, or Diggers, commonly known as Sard and Wood-Wasps, are 
solitary in their mode of life, and so are some species of true Wasps; but the 
great majority of the latter section live together in small communities, and 
construct their nests with more or less artistic skill ; among the social wasps 
may be mentioned the common wasp of this country (Vespa), and the Hornet. 
The diggers feed on insects, and also on the nectar of flowers ; the true Wasps 
feed upon insects, meat, fruit, honey, &c. In the formicidw, or Ant tribe, we 
find by the side of the winged males and females, wingless neuters, by which 
latter class the labors of the community are chiefly performed. 

The most important of the order are the Bees, which store up honey in 
waxen cells. The hee tribe contains two difierent groups, viz., the scUtary 
bees, and the social bees. Among the former, may be mentioned, the 
mason hee, which agglutinates bits of sand or gravel by means of a viscid 
saliva, and constructs with them a regular edifice; the carpenter hee 
(Xylocopa),, which excavates wood with its powerful jaws ; and the uphol- 
sterer hee, which constructs its cells out of leaves, cut into the requisite 
shape with truly artistic skill. Of the social hees, or Apidse proper, we 
distinguish two groups, viz., the large Bomhi, or HumhU hees, and the Hive 
hees. In the latter, the social instincts and the arts of construction are 
exhibited in the most remarkable manner. The societies formed by them 
contain but a single perfect female, called the Queen, several hundred males, 
called Drones, and from 16,000 to 20,000 neuters or workers. 

Seventh Order. Diptera. 

150. To this order belong the Gulicidee, or Gnat tribe, which abound 
chiefly in damp places, as their larva? are aquatic. They are but too well 
known as one of the greatest plagues in summer ; one of the most annoying 
species, the Mosquitoes, are restricted to warm latitudes, though they make 
their unwelcome appearance occasionally also in colder countries during the 
brief but hot summer. The hot-Jlies (CEstrida?), deposit their eggs in living 
herbivorous animals (bullocks, horses, sheep, deer), generally in situations 
where the larvae may burrow into the flesh, occasioning thus inflammatory 
tumors. Sometimes the eggs or larvae, being placed upon spots within 
reach of the animal’s tongue, are conveyed by that .organ into the mouth, 
whence they pass into the stomach. The larvae of one species, which infests 
the sheep, are found in the frontal sinuses of the skull. 

The Muscidee, or Jly tribe, are in bad repute for the havoc committed by 
their larvae (maggots), in meat, cheese, and other articles of food in which 
these insects deposit their eggs. Among them may be mentioned the 
hlue-bottle, the commm fly (Musca domestica), the cheese-hopper fly (Piophila 
oasea), the cherry-fly,. &c. The flesh-flies, dung-flies, or carrion-flies, are very 
useful in devouring the carcases of dead animals. Some species of the 
family Syrphidoe restrain the excessive multiplication of the Aphides, others 
of the Ants. The Tahanidce, or Gad-fly tribe, are remarkable for the 
tormenting power which they possess, and which they exercise sometimes to 
an extent to lead to the death of the cattle attacked by them. 

Seventh Class. Abachniba (the Spider tribe.) 

151. These animals have, for the most part, a largely developed abdomen, 
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exceeding in size both the thorax and hedd, which in this class are united. 
To the thorax there are attached four pairs of legs, but no wings. Most of 
them breathe by air-sacs (Pulrmnaria)^ some by tracheae ('Prachearia) ; 
nearly all of them have a complete circulatory apparatus. Upon the anterior 
part of the cephalo-thorax are placed the mouth and the eyes, which latter 
are always simple, and vary from two to eight, and in some of the scorpion 
tribe, even ten or twelve in number. 

Tlie Pulmonaria are divided into two sections, viz., the Araneida or spiders^ 
which have small foot-like palpi, not terminating in pincers, and are pro- 
vided with a spinning apparatus, situated in the posterior part of the 
abdomen, and called spinneret; — and the Pedipalpi^ or scorpions^ and their 
allies, which have large palpi, terminating in pincers or hooks, and are destitute 
of spinnerets. The Pedipalpi again are Subdivided into two families, viz., 
the Thdiphonidee^ which are simply spiders destitute of spinnerets, and 
furnished with long palpi ; and the scorpions proper (Scorpionidse), which 
are distinguished by their long-jointed abdomen, terminating in 2 venomous 
claw or sting, the hinder part of the abdomen is commonly called the tail. 
The European scorpion inflicts mortal wounds on small animals only, though 
its sting causes always a more or less serious and painful inflammation. The 
scorpion of the tropical regions, which grows from five to six inches long, 
is reported to inflict serious, and occasionally even fatal, stings upon larger 
animals, and even on man. 

The spiders are all of them predaceous animals, feeding on insects, which 
they ensnare in various ways, and seize and kill with their flings. They 
mostly confine themselves to sucking the juices contained in the bodies of 
their victims. Most of them spread nets or w.. bs of fine silken threads, 
supplied by their spinnerets; some hunt their prey (VenanUs or hunting 
spiders) either by running after it {Cursores or runners^ called also wolf- 
spiders) ; or by leaping upon it {Saltatores or Uapers) ; among the former we 
mention the brown wolf-spider (Dolomedes), of which the female carries her 
eggs about with her, enclosed in a silken cocoon or egg-case ; and the 
Tareniula^ celebrated for its reputed venomous powers, a reputation which 
rests on very slender foundations indeed, though the animal, unquestionably, 
like all other spiders, has a poison-gland in its mandibles. The group of the 
mining-spiders^ which luii in the cavities of rocks and stones, or burrow deeply 
into the ground, consists of the genus Mygale and its allies. These spiders 
are inhabitants of tropical regions and of the warmer temperate cUmates ; 
they are the largest of the whole section, some of them being the size of a 
man’s hand. Among the Natantes or water-spiders^ we mention the diving 
spider (Argyroneta aquatica) which spins an oval bag, impervious to air and 
water, which it attaches by threads to aquatic plants, at a considerable depth 

below the surface of the water, the under side of this bag is open, like that 

of a diving bell, thus enabling the animal to pass freely in and out. 

The most common of the sedentes^ or sedentary^ or weaving spiders, are the 
house-spider (Aranea domcstica), and the tortoise-sheU or cross-spider (Epeira 
diadema), the green and the gray garden-spider^ and the very sm^l summer 
or gossamer-spider^ which covers the meadows and fields with millions of the 
finest threads, which are wafted about through the air by the autumnal 
winds. 
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The TtachMia may be divided into three families, viz., the Pseudo- 
Scorpbmidcs^ 6t fake scorpions, among which we notice the booh-scorpion 
(Ghelifer), which inhabits herbaria, old books, &c., feeding upon the minute 
noxious insects, that prove occasionally so detrimental to collections of the 
kind. The PhuJmgidoe, or harvest-men, remarkable for their long and 
slender legs, which when detached from the body, show signs of irritability 
for a few moments ; and the Acaridoe, or mites, very small but most noxious 
and noisome insects, of which some live upon decaying vegetable substances, 
others upon putrid animal matters, and upon various articles of food, such as 
meat, and old dry cheese, &c., as e.g. the cheese-mite, and the meal-mite; 
others subsist as parasites upon the skin, and in the flesh of different 
animals, as e. g, the ticks, which torment sheep, dogs, cows, horses, and other 
quadrupeds, and also fowls and pigeons ('the chicken-tick, Acarus gallinae^ ; 
others are parasitic upon insects, more especially beetles (the Acarus coleoptra- 
torum). One of the most noisome of the order, the Sarcoptes scdbiei, or Acarus 
of the Itch (fig. 72), is the occasion of one of the most disgusting diseases of the 
skin, — the itch. 

Eighth Glass. Vermiform Animals (Annelida and RoUfera.) 

152. The animals of this class have generally a 
long, slender, and more or less cylindrical body, 
divided frequently into distinct segments, which, 
however, are only marked externally by a folding 
or wrinkling of the integuments, 'fhe body ha.*^^ 
oral aperture at one, an anal aperture at theiither 
end, and is usually furnished (in the Annelidans) 
with a series of locomotive appendages in the form of 
bristles, which often combine the performance of the 
functions of locomotion and respiration. There exists 
considerable variety in the arrangement of the re- 
spiratory organs, but asageneral nfle,the respiratory 
function is performed cither by gills or by the seti- 
gerous appendages, or by the general surface of the 
body. The vermiformes have usually a distinct cir- 
culating apparatus, which, however, in the lowest 
order consists merely of a network of capillary vessels. 

Many of the annelidans are distinguished by the red color of their circulating 
fluid, in which they form a most remarkable exception from all other 
articulata. In some few of the annelidans we And a distinct contractile 
cavity, or respiratory heart, which serves to propel the blood through the 
gills ; and in several a pulsation of the larger vessels is perceptible. 

Annelida, 

153. Most of the annelidans arc aquatic in their habits, living either in 
water or in moist situations. The great majority of the larger-sized of them 
are marine animals, as the Nereides, or sea-centipedes (flg. 73); the genus 
Amphinome, in which the gills have the form of branching or arborescent 
tufts, disposed along the whole of the body, and are often very brilliantly 
colored ; the genus Euphrosine, remarkable for the large development of 
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their branchial tufts, and for the broad and oval form of their bodies ; the 
Aphrodita or sea mmse^ which is remarkable for the large quantity of long 
silky hairs of a most brilliant metallic lustre with which it is covered; 
the Aremccta or loh~worm^ which is used by fishermen as a bait ; and the 
^iant-^worm (Eunice gigantea) of the West Indian seas, the largest Annelide 
known, and which attains sometimes a length of four feet. 

The annelidans of the seQiionTuhicoUB reside in shells, formed insomcof them 
of a calcareous matter, secreted from the surface of the body, in others, of 
grains of sand, pieces of shell, &c., cemented together. Among these we 
mention the serpula^ which forms a calcareous shell that can hardly be dis- 
tinguished from that of one of the mollusca, the Vermetus. The largest 
species of the serpulcB inhabit the tropical regions, but numerous smaller 
species are found on our own coasts ; — and the sahella^ which forms its shell 
partly of exuded calcareous matter, and partly of granules of clay or fine mud* 

The order terricolm contains two principal groups, viz., the earth-worms 
and the mids. The former belong, nearly all of them, to^ the genus 
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LumhricuSj of which the common earth-worm (Lumbricus terrestris) is the 
type. The earth-worms, though feeding on the vegetables set in the soil, 
are much more beneficial than injurious to man, their burrowing serving as 
a kin(f of under-tillage to the land. The worms of the genus Nais, of which 
the Nats proboscidea is the type, are aquatic in their habits, living in the 
mud at the bottom of ponds, &c. The natds possess the reproductive power 
in a most*remarkable degree ; they produce buds, that separate from the 
parent by spontaneous division. 

The order Suctoria contains the common leech and its allies. The leech 
used in medicine (Hirudo officinalis)^ is from two to three inches long, and 
about one-fifth to one-fourth of an inch thick ; it is a dark-colored worm, 
which shows eight yellow, black, and red stripes, across the back, and is 
marked with yellow spots on the belly. Owing to the improvident manner 
in which these valuable worms have been gathered, both, for domestic use 
and for exportation, the pools and ditches of this country have been nearly 
drained of them, and millions are now imported annually from abroad, to 
satisfy the demands of the home market. To provide for future contingencies, 
many artificial leech-ponds have been recently constructed. It is recom- 
mended that all leeches which have been used in bleeding should be 
preserved and brought to leech-ponds,' lined with turf, where in the course 
of a few yeajs, they may be expected to multiply to an extent to bring their 
price within the reach of even the poorest classes. The leech lays her eggs 

2 g2 
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in a kind of a gelatinous bag about the size of an acorn ; the young leeches 
are quite colorless ; and are unfit for medical use in the first year of 
their existence. The horse-leech is common in England and in all the British 
isles. It is somewhat larger than the medicinal leech, and is of no known 
utility. 

Botifeba, or Wheel-Animalcules. 

154. These minute aquatic animals* were formerly classed with the 
infusoria ; but it has recently been ascertained that they possess a structure 
much more complex than that of the latter animalcules. They have usually 
an elongated form, and are provided at the anterior extremity with one or 
several rows of vibratile cilia usually arranged in a circular manner, and 
on that account termed wheels. The vibratile action of these cilia creates 
rapid currents in the surrounding fluid, by which the animalculae whereon 
the rotifera feed are drawn towards their mouths. In many of the. rotifera 
one or several red spots may be detect^ on the head, which Ehrenberg 
believes to be eyes. The body is soft and transparent, and the posterior 
extremity is prolonged into a tail, possessing three joints which can be 
drawn up within each other like the sliding tubes of a telescope. The com- 
mon wheel-animalcule (Rotifer vulgaris), which is frequently met with in 
stagnant waters, may be looked upon as the type of the order. 

The Entozoay or intestinal worm^ belong, strictly speaking, also to the 
vermiform animals ; however, as many of them in their general form approxi- 
mate more to the Radiata^ we have formed a distinct class of them here, 
intermediate between the Articulated and the Radiated series. 

Ninth Class. Mollusca. 

155. The organs of nutritive or vegetaiive life are more highly developed in 
the animals of this class than they arc in those of the articulated scries ; and 
some authors have on that account felt disposed to assign to the Mollusca a 
higher rank in the scale of the animal kingdom than to the articulated series. 
But, as the organs of animal life are so much more highly developed in the 
latter than in the Mollusca, there can be no reasonable hesitation to place the 
articulata above the Mollusca. 

The digestive apparatus is always highly developed in the Mollusca ; we 
uniformly find in them a large liver, and frequently a complete gizzard or 
muscuhu* stomach ; the intestinal tube is often of considerable length, and 
much convoluted. The blood is colorless, and circulates in a regular vascular 
system, of which a heart with an auricle and a ventricle forms part. The 
respiration of Mollusks is almost always aquatic, being carried on by the aid 
of gills ; in some, however, as in the terrestrial gasteropoda^ it is mrial, and 
the respiratory organ consists of a pulmonic cavity, presenting a complicated 
network of blood-vessels on its walls, and into which the air penetrates 
through an orifice in the outer border of the mantle, a spongy elastic skin, 

interwoven with muscular fibres, in which the soft body of the animal is 
enclosed in all the Mollusca. FroixLthe surface of the mantle is secreted in 


• A few of the Rotifera live in moist eartli. 
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most of the Molliisca,* a shell or testa^ conisisting usually of alternate layers 
of carbonate of lime and of membrane, but in some simply of a thin horny 
plate destitute of mineral matter. The shell consists either of a single piece 
{univalve)^ as in the snail tribe, or of two parts or valves, united by a hinge 
(bivalve), as in the oyster. The Mollusca provided with a shell are called 
^so tesiacea, or Conchylia. In many of the bivalve testacea, there ejtists a 
fleshy tongue-like projection, which is termed a foot, and is used sometimes 
as a boring apparatus, sometimes as a sort of fin Ibr swimming, sometimes to 
produce the hyssus, or cord by which the animal attaches itself to rocks, &c., 
and sometimes to enable the animal to leap upon hard substances. In most 
of the univalve testacea the under side of the mantle is thickened into a 
fleshy disc, which is called a sole, and which, by its alternate contractions and 
expansions, serves as an instrument of progression. The nervous system is 
very little developed in the Mollusca, and in the lowest orders we find only 
ii single ganglion. In the higher classes, and more especially in the highest, 
which comprehends the cuttle-fisli and its allies, the nervous syiftcm is more 
complex and more highly developed. The Mollusca are usually provided 
with feelers, or tentacula, which are simply prolonged lips. 

The great majority of the mollusca are inhabitants of the water; the 
largest and finest of them are found in the tropical seas. Only a few are 
terrestrial. The mollusca are almost all of them eatable. They live usually 
on vegetable substances, but some of the larger marine species live by suck- 
ing the juices of other inHabitants of the sea. They increase by eggs, which 
in many of them are produced in immense numbers. 

The mollusca are divided into two principal groups, viz., the Cephalous or 
headed mollusca, which includes all those which have a distinct head ; and 
tlie Acephalom, or headless mollusca, which comprehends those in which no 
distinct head exists. The fost group is usually subdivided into four orders, 
viz., the Cephalopoda, the Pt^ropoda, the Gasteropoda, and the Ileteropoda, 
111 the AcephaloiLS mollusca we find two distinct groups, in the one of which 
the shell is invariably present, whilst in the other it is invariably absent ; the 
former is therefore named Conchiferous, or shell-bearing, and the latter 
tunicated, the shell being replaced by a membranous or coriaceous tunic. 
'J"he Conchiferous Acephala are subdivided again into the Laviellibranchiata, 
which have the gills aAanged in four lamella3, running parallel to the edges 
of the shell ; and the Palliohranchiata, in which the mantle forms the respira- 
tory surface. 

156. The Cephalopoda are the most highly organised of the molluscous 
animals. They are characterised by the possession of prolonged tentacula 
around the head, which in some serve equally as organs of prehension and 
of locomotion, and are therefore sometimes called arms, sometimes feet 
These arms are frequently furnished with suckers, by means of which the 
animals attach themselves so firmly to their prey, or other objects, that they 
may sooner be wrenched off than imfixed. 

The most important animal of the order is the cuttk-Jish (Sepia), some 

species of which attain a considerable size, growing sometimes to a length of 
six feet. This creature is found in all seas, and its appearance is that of a 

* One whole order of the Mollusca (the Tunicata), have no shell, and in tliree other orders, 
the shell is frequently absent. 
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short-necked flask, with the mouth surrounded by eight arms. The animal 
M provided with a very singular secreting organ, which produces an abun- 
dance of a black liquor, commonly termed its ink^ and which is used in paint- 
ing. The only rudiment of a shell in the cuttle-fish is a straight, flat, broad, 
and firm body, the so-called jpouwce-ftone. 
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The smaller sepias^ which often appear in enormous shoals, are much 
relished by the cod and the Cetacea. The Octopus or Povlp (Octopus 
vulgaris,) is common on the southern coasts of Europe, and is occasiondly 
met with on our own shores. This animal is the Polypus of ancient 
naturalists. The largest species of which we have any authentic account, 
do not measure above four feet between the ends of the arms ; *but a 
gigantic species is said to exist in the Indian Archipelago, which is asserted 
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to measure twelve feet over the centre of the body, with arms 54 feet long. 
Making allowance for a great deal of exaggeration in the accounts given of 
these marvellous monsters, still there is no valid reason to doubt the existence 
in the open seas of Octopi of much larger size than any that we are as yet 
familiarly acquainted with ; and it is probably one of these animals which 
has given rise to the tales of the fabulous Krdken of the Norwegian seas. A 
most interesting species of the Octopod group is the Argonauta (fig. 74), 
commonly called paper nautitus^ from the whiteness and delicacy of its shell. 

The only existing representative of the suborder Tetrabranchiata, or four- 
gUled Cephalopoda, is the pearly nautUus (Nautilus pompilius, fig. 75), of 
which the beautifully convoluted nacreous shell is made into drinking-cups. 
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{ Pearly Nautilus, with the shell laid open; tentacula; e, funnel; /», foot; »», portion of 
mantle; <?, eye; siphon,] 


Tlie stratified rocks (Mineralogy, § 114) contain many fossil remains of 
Cephalopoda, among which may be noticed the ammonites^ the bekmnites, the 
turriliteSf the haculitc.% the orthoceratites^ and the crioceratites. 

The Pteropoda, so called from the fin or wing-like expansions of the mantle 
on each side of the neck, which serve to propel them rapidly through the 
water, are mostly animals of very small size, but which often associate 
together in enormous shoals. Among them we notice the Clio^ or whalce* 
food^ which is among the chief articles on which the whale is suppoyted. 

157. The gasteropoda or snail tribe form a most extensive and important 
group. Most of the animals belonging to it, live in a univalve shell, which 
is usually cone-shaped and rollecl into a spiral ; some species, however, are 
perfectly naked (destitute of a testaceous covering), as the slug^ for example. 
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The gasteropoda move about by means of a fleshy disc, or foot, placed under 
the abdomen. They are generally formed for crawling, but some are rather 
adapted for swimming. Most of them carry tentacula in front. Those which 
inhabit the tropical seas are distinguished by the size and the beautiful coloring 
and lustre of their shells, which arc used for many ornamental purposes. 

We can here notice only a few of the most important members of this 
extensive order, such as the Doris (Doris cornuta) ; the Aplysia or sea-hare 
(Aplysia depilans), which discharges in its defence a deep purple liquid, said 
to possess acrid and depilatory properties; the nipple-shdl; the Bulla 
lignaria and BuUa arnjyuUa ; the Bursatdla of the Indian seas ; the Chitons 
and Limpets. Most of these live on sea-w^d. Among the naked snails^ 
or slugs (Limacinae), we mention the red and brown common slug (Limax 
rufus), and the salad slug, or afield slug (L. Agrestis) ; among the testaceous 
or true snails (Helicinas), which possess convoluted shells, we notiioe the 
commm garden-mail of this country (Helix hortensis), the edible snail of 
France and Italy (II. pomatia) ; among the aquatic snails^ the Planorhis, 
the Palvdina^ and the Lymncea stagnalis, which inhabit ponds, shallow 
streams, and the banks of rivers, or also occasionally the sea shore. 

One of the most beautiful marine snails is the iveniletrap (Scalaria preciosa), 
for which high prices were formerly given by shell-collectors. Of the genus 
turbo, to which the common periwinkle belongs, there is a species in Holland 
which is salted and used as food. 

The following also deserve to be noticed : the Cones; the Volutes; the 
Gyprcece or cowries, which are remarkable for* the porcelainous texture and 
brilliant colors of the shells, and the high polish of which they are suscep- 
tible ; the large cowrie or tiger shell (Cyprsea tigris), is frequently made into 
snuff-boxes, &c. ; the small cowrie or money cowrie (Cyprsea moneta), is 
the current coin of the natives of Siam, Bengal, and many parts of Africa. 
Nearly allied to the cones and cowries, are the ovula, oliva, and many other 
genera. Of the genus Buccinum, we notice the Buednum undatum, or 
vjheVc of our own shores, and the Buccinum harpa. Nearly allied to the 
genus Buccinum is the Cassis or helmet-shell, some species of which, as the 
Cassis rufa, for instance, are beautifully sculptured by Italian artists, in 
imitation of antique cameos. From the animals of the genus Puipura, the 
celebrated Roman purple dye was obtained ; a small quantity of this may 
be obtained from the Purpura lapUlus of our own coasts. The family 
Muricidee and its allies are distinguished by the great length of the siphon, 
and (in many instances) the remarkable prolongation of the siphon canal. 
The Pteroceras scorpio is remarkable for the long finger-like processes with 
which the greatly- extended lip is beset. 

158. The most important order of the Acephalous section of Mollusca is 
that of the LamellibranckkUe Conchifera. All the animals belonging to this 
group have bivalve shdU, jointed by a hinge, and shutting and opening by 
means of the so-called adductor muscle. They are aquatic animals, distri- 
buted oyer the whole globe, and principally frequenting the shores or 
shallows. Among the most important of them we notice the Teredo wxoaJds 
or timber-borer, one of the most formidable destroyers of the works of man, 
and which attacks the bottoms of ships, and the piles of bridges, piers, and 
harbors, perforating the timber in every direction ; the Pholades (Pholas 



MOLLUSCA. 


67 ? 

dactylus and some other species), which form their cells mostly in rocks, 
which they excavate by means of the hard, siliceous, rasp-like surface of 
their shells ; they are much prized as food, and possess the remarkable pro- 
perty of phosphorescence ; the AspergUhm ; ^eSolen or razor-shell ; the edible 
cockles or Cairdia and their allies, the Donax^ Mactra, LucinOj Tellina gari, 
from which latter a veiy palatable sauce is prepared in India, &c. 

Among the fresh- water Conchifera we notice the Anatim^ the painter's 
gaper (Mya pictorum), of which the shells are used for keeping painters’ 
colors; and the fresh-water pearl-shell (Mya margaritifera), which abounds 
in most rivers of the North, and yields occasionally very vduable pearls. 

The following are confined exclusively to the sea : the area, the giant 
clanp-shell, or tridacne (Chama gigas), which is found in the East Indian 
and Australian seas, and is the largest of the whole class, often attaining a 
circumference of from six to eight feet, and a weight of 200 lbs. and more ; 
the edible mytUus^ with a triangulai* ham-shaped dark violet-cjplored shell. 
A bunch or tuft of silky hair, called JByssus, about a foot long, proceeds from 
the base of the foot of this mussel. In the pinna, or wing-shell, this byssus 
is very long and silky, and the inhabitants of Sicily and Calabria manufacture 
it into a stuff remarkable for its suppleness and warmth. There is also 
frequently found in the pinna a small crab, called on this account pinna- 
warder. The genuine pearl-oyster^ or pearl-mussel, which produces the 
precious pearl, and the mother-of-pearl, is caught by pearl-fishers or divers 
on the shores of Ceylon, the Persian Gulf, and other parts of the borders of 
the Indian Ocean, and also in the Gulf of Panama, and on the eastern shore 
of California. 

But the most important of the Conchiferous molluscs is unquestionably 
the well-known oyster (Ostrea edulis, fig. 76), of whicli several species are 
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[Anatomy of the Oyster: r, one of the valves of the shell; its hinge; m, one of the 
lobes of the mantle ; w', a portion of the other lobe folded back ; c, adductor muscle ; gills ; 

mouth; t, tcntacula, or prolonged lips; ^ liver; *, intestine ; a, anus; co, heart] 

found on all the shores of Northern Europe. Tlie dredging, storing, exporta- 
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tion, and sale of oysters, gives occupation to thousands of families. A 
single oyster is said to produce as many as 1,500,000, or even 2,000,000 
eggs. Allied to the oysters are the^ec^ens, or c&zr#is, among which we notice 
the pectm maximuSy or ptlgrMs scallop shM. 

15^. The FclSMjrmKMata are also called Bra/cMopoday or arm-fooiedy on 
account of the presence of two long spiral arms, one on each side of the 
mouth. The number of living species is very small, but the order includes 
a very large proportion of the Bivalve mollusks of the older rocks. The 
greater part of the existing Brcuihwpoda belong to the genus TerehraUdoy 
which. Insides about 40 l^own living species, includes several hundred 
fossil species. 

160. The moUusca of the class Tunicata are altogether destitute of a 
calcareous shell, but they are enveloped in a firm elastic tunic. The peculiar 
and distinctive character of this group is the tendency to the association, or 
union, of a number of independent individuals to form a species of compound 
animfd. Tiiis tendency to aggregation exhibits itself in various ways : some> 
times the individuals adhere simply externally ; sometimes there are a num- 
ber of individuals, destitute of their own external coats, enclosed within a 
common envelope ; and, in some cases, several individuals share in a common 
circulatory system, the vessels passing along a stem, with which all the com- 
ponent individuals are connected by short footstalks. We notice among the 
Tumcaiay the isolated and aggregated AscidicSy and the isolated and aggregated 
Sdlp<B ; one of the most brilliant combinations of the latter is that which 
forms the Pgrosomoy so remarkable for the sparkling phosphoric lights emitted 
by it ; the most singular phenomenon connected with the phosphorescence of the 
Fyrosoma m^s is, the rapid change of the color of the light firom intense red 
successively to crimson, oifange, greenish, azure blue, and finally, when the 
mass appears to be in a state of absolute repose, to opaline yellow. 

Tenth Class. Entozoa (Intestinal Worms), 

161. As their name implies, the animals of this class pass their life in the 
bodies of other animals, upon the juices of which they subsist ; most of them 
reside in the cavities of the body which they infest, Aut some burrow also in 
the areolar tissue, and in the fiesh* of man and other animals. There are 
about 1500 species known of them. They are divided into two sections, 
viz., the SterelmifUftOy which approximate to the Anneliday having a distinct 
intestinal tube with oral and anal orifices, and presenting also traces of a 
muscular and nervous system ; and the Coslelminthay which are destitute 
even of a distinct alimentaiy canal. 

Among the SterelminthOy we notice the Lingmtula temioidesy a worm 
which infests the firontal sinuses of the horse and dog; the rovndrworm 
(Ascaris lumbricoides), and the threadworm (Ascaris vermicularis), which 
both infest the intestines of man, and also of the lower animus; the 
trichocephaluSy also an inhabitant of the human intestines ; the guinea-worm 
or Filariay wliich burrows in the fiesh of man and other animals in warm 
climates, and grows to the length of several yards ; the StrongiluSy which 
is found in the kidneys of man, horses, &c . ; the Strongilus filarioy which 
takes up jts abode in the trachea of sheep, where it excites violent coughing. 
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Among the Ccelelmntha we have the well-known tape-worm (Tsenia 
solium, fig. 77), which occasionally attains a length of ten feet, and is found 



more particularly among the Western nations of Europe ; and the Botrio- 
cephalvsj which attains a length of twenty feet, and is confined Inore to the 
inhabitants of the East of Europe. 

In the suborder Cystiformes — worms having the body dilated into a large 
bag filled with fluid — we find the Cysticercus celluhscBy which infests the 
areolar tissue, and the substance of the various membranes ; this parasite 
is not uncommon in man, but it is chiefly found in the pig. Another 
species of this suborder is the cause of the so-called stagy ers^ a disease 
to which sheep are very liable. 


RADIATA. 

The Eadiated subdivision of the animal kingdom comprises all those 
animals in which there is a regular disposition of similar parts around a 
common centre. 


Eleventh Class. Echinoderatata. 

162. The Echinodermata are characterised chiefly by their hard integument, 
generally beset with spines, or prickles, and from which the name of the 
class is dcKved. In soipe of them, as in the Cfidarisy for example, the spines 
perform the locomotive function, acting as so many legs ; in others, as in 
many of the Echinida^ the locomotive function is discharged by organs of a 
very different character, viz., by a number of very delicate membranous 
tubes, each of them furnished with a sucker at its extremity, and capable of 
being projected to a considerable length from the openings in the so-called 
amhulacral plates of the shell in which they arc placed. In many species, 
this locomotive apparatus affords also the principal instrument of the pre- 
hension of food. In the common Asterias or star-fish^ these tubular suckers 
project in great numbers from the under side of the arms. Besides these 
tubular feet we find, in certain species of the star-fish and of the Echinm^ 
another set of prehensile organs, consisting of a series of stems, disposed 
over the greater part of the surface of the body, and bearing each at the 
summit a sort of forceps of calcareous matter. 

The EcMnodermata are divided into three orders, viz., the Echinidoj the 
Stelleridaj and the FistuUda. 
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In the EchwidOy the form of the body is globular, semi-spherical, or 

cordate. The intestinal 
canal forms a long tube, 
with two orifices, of which 
the orcU is usually on the 
under, the anal on t he upper 
side of the animal; this tube 
makes generally two turns 
within the shell. Small 
Crustacea and Mollusca 
constitute the chief food 
of the animals of this 
order ; some of the larger 
species are edible. The 
best known of the order 
are the Echinus or sea- 
uTchin (fig; 78), and the 
Cidaris irnperialis. 

Among the 8tellerida we notice the Asterias or star-fish^ which present 
the form of flattened five-rayed stars; the OphiurtB^ in which the arms are 
of a round tapering form, like a serpent’s tail ; and the Euryah (Euryale 
caput medusas), in which the arms ramify minutely, dividing and subdividing 
again into branches ; and the interesting family Crinoidea, or lily-stars^ or 
sea-lUieSj which are attached, ' during a portion or the whole of their lives, 
by a footstalk, or peduncle, to some solid body. 

The order Fistalida consists of the Holothurice and their allies ; among 
which we notice the Sipunculus, which is used as an article of food in 

China and Japan ; and 
the sea-cucumber^ or 
Trepang, or Beche de 
mer (Holothuria edu- 
lis), a most important 
article of food with 
|, the Chinese. 

Skeletons of , CWn- 
oidea are found in 
abundance in the lime- 
stones of the transition 
series, and also in the 
carboniferous series; 
fossil remains of the 
Stellerida and Echinida 
are met with in almost all marine strata, but more particularly in the Chalk 
and Oolite. 



Twelfth Class. AcALEPHiZ (Sea-^Nettles or Stang-Fishes.) 

163. The AcaUphas (so called from the stinging power which nearly all of 
them possess, and which appears ,due to a peculiar secretion from the acrid 
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surface), are characterised chiefly by the extreme softness of their tissues, which 
has also led to their being sometimes G 2 M 08 . jelly-fish ox sea-hluhber. In the 
greater number of them, there is no hard support whatever, and the body of the 
animal, when taken out of the water, melta away, and loses its form com- 
pletely ; in a few species, however, there is a very thin cartilaginous plate 
which retains its form when dry. So little solid matter do these animals 
contain, that a Medusa^ weighing several pounds when alive, is reduced 
almost to as many grains when dried. Some of the Acalephse, when floating 
in their native element, present to the eye an umbrella-shaped disc, from 
beneath which hang down a number of tentacula or arms (usually four 
or a multiple of that number, which would seem almost constantly to 
govern the distribution of the organs in these animals). Some species of 
Acalephae have no regular mouth; 
the food ibeing taken in by a number 
of suckers, having minute orifices at 
their extremities. Notwithstanding 
the extreme delicacy of their structure, 
they feed upon small Crustacea, Mol- 
lusca, and even fishes. Many species 
are phosphorescent, and, in the warm- 
er latitudes, they occasionally charm 
the eye of the voyager at night with 
a brilliant display of luminosity. 

Wc notice among them the Medusa^ 
the Felagia (fig. 80), the Cydippe 
(formerly called Beroe), the Ces- 
turn Veneris or girdle of Vert/uSy 
the Berenicey the lihizostoma ; and 
among . the so-called Hydrostatic 
Acalephaj, the Physalus or Portu- 
guese man-of-war. 

The Acalephas are of no known 
utility to man, but they may afford 
subsistenc(? to marine animals. 



TiiiRTEEirrii Class. Poltpifbba. 

164. The Polypifera (the Zoophyte^ of the older botanists), present most 
of them a plant-like aspect. In general they have only one orifice, the 
mouOby round which are arranged a certain number (6, 8, 10, 12, and more) 
of tentacukty or arms, diverging from each other like the spokes of a wheel. 
They increase mostly by huds developed from the external surface of the 
body ; the young polype remaining connected for a time with the parent, and 
not unfrequently producing buds from itself, before its separation. The 
propagation of the Polypifera is effected also by ova. Some of them deposit 
a hard skeleton, either massive and stony (lithophytes)y or horny and flexible 
(keratophytes); others, the so-called naked polypes, as the Hydra and the 
Actimoy are destitute of any hard covering. 
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The polypifera are divided into four orders, viz., l,The.£^rouf^ orfiresh- 
water polypes^ among which we notice the green polypi (Hydra viridis, fig. 81), 

and the brown polype (Hydra fusca). The 
Hydra possesses in a most remarkable degree 
the faculty of reproducing the whole structure 
from separate portions of it ; thus, the animal 
may be divided transversely into segments, or 
longitudinally into strips, and every segment or 
strip will speedily become a new animal ; the 
body may dso be turned inside out, apparently 
without the least injury to the* animal. 2, The 
HelianUioida^ a group of which the common sea- 
anemone^ or actinia (fig. 82), may be regarded 
as the type. In this order of polypes the mouth 
is fringed with numerous short fleshy arms, ar- 
ranged in several circular rows ; an expanded 
fleshy disc, of sufficient size to take a firm 
attachment to the rock upon which the animal 
is fixed, forms the whole base of the body. In 
its contracted state the animal presents an almost 
hemispherical form ; but, when fully expanded, the body may be compared 
in shape to a small flowerpot. The Actinia? prey upon small Crustacea, fish, 
&c., and are, in their turn, preyed upon by the 
larger species of these tribes, and more particularly 
by the whale. They arc also eaten by man. Be- 
sides the Actinias^ this order contains several other 
genera, of which some are naJceS"; whilst others, 
as the Caryophyllia, Dendrophyllia, Madrepores, 
form a hard calcareous skeleton, or stony cell, in 
the bottom of which are to be seen a number of 
thin vertical plates, or ktmellm, radiating from the 
centre towards the circumference. It is prin- 
cipally by the animals of this group that the 
formation of coral reefs ^d islands & effected. 
These coral structures are found more particularly in the Polynesian Archi- 
pelago, and in the Indian Ocean. 3. Asteroids, or Alcyonian polypes, so 
termed from one of the principal genera constituting the order. In many of 
these, the solid framework, or pdypidom, resembles sponge* so closely that 
it is diflicult to distinguish between the two. Among the Alcyonian polypes 
maybe noticed the AUsyenhm; the Pennatula, or sea-pen; the red coral; 
the Gorgorm, or sea-fan; the Antipaihes, or hlach cord; the Im Hippuris; 
and the Tdnpora musica or organ-pipe coral. And, 4, The Ciliohrachiata; in 
the polypes belonging to this order the tentacula are set on both sides with 
cilia, hence the name of the order. Among them we notice the Phmatella, 
and the Fluatra or sea- mat. 

* The real aponget and their allies constitute the dass Porifera^ which occupies the lowest 
rank in the animal creation ; the beings which it contains, exhibiting so few indications of 
any but orgasm or vegetaHve life, that it may almost be considered still doubtful whether their 
proper position is not in the vegetable Idngdom. 
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Fossil corals are found petrified in immense quantities, even in the oldest 
formations (Miner. § 114). 

Fourteenth Class. Poltoastbia (Infusorial animalcules). 

1 65. Decaying vegetable or animal substances, such as the leaves of trees, 
grass, a piece of flesh, &c., affused with water and exposed to air and 
warmth, will speedily, upon microscopic examination, be found peopled with 
numbers of most active minute creatures of the most varied forms. 
These animalcules are found also in the stagnant pools around our cities ; 
in the waters of rivers, harbors, and lakes, and even in the ocean. 

In reference to the origin of these animalcules, the view was long enter- 
tained that they were generated spontaneously, that the decaying vegetable 
aiid anyjial substances were decomposed and resolved into these simple 
beings. More accurate experiments have shown, however, that the infusoria 
are produced from ova or germs which are probably carried about in the 
dried-up state, in the form of minute particles of dust,* ready to develop 
themselves in any spot which may afford them the requisite moisture and 
nutriment. In this respect they resemble the microscopic fungi, whose 
germs are diffused in the same way. When once they have obtained the 
means of development, they multiply with incredible celerity. If the decay- 
ing vegetable or animal substances be carefully excluded from contact with 
the air, or if the air be heated before it is admitted to them, no infusoria 
will appear. They are rarely developed on mountains of a certain height, 
where the atmosphere is free from foreign bodies. 

These minute creatures feed partly on the decaying vegetable and animal 
substances in which they are developed, and partly they devour each other 
with great voracity. Some species are furnished with cilia disposed around 
the mouth, towards which they produce a vortex of fluid that brings a sup- 
ply of alimentary particles. 

Though these animalcules be so exceedingly minute, yet the forms ex- 
hibited by them are extremely various, and some of them present also 
considerable variety in the forms assumed by the same individual under 
different circumstances. In many species, the soft body is enclosed in a 
firm integument, strehgthened by a deposit of siliceous matter; these 
envelopes, which are often preserved after the death of the animals, are 
termed the shields^ and the animalcules encased in them are called hricated 
infusoria. The remarkable discovery has been made that large distinct beds 
of former formations are entirely made up of the accumulated remains of these 
animalcules (Comp. Mineralogy, § 145). In some species, the shield contains 
also sesqui-oxido of iron. 

Among the infusoria we notice the Monads^ the Volvox^ the Ncmculaj the 
Vorticellay the Stentor or Trumpet vorticella^ the Vibrio^ the Paramecium 
aureliay the Euglena, and the Cyclidium. 

* That the presence of millions of such ova in the air should not be detected, will appear 
veiy natural indeed, if we reflect that the animalcules arc only 1-1500 to l-2000th part of 
a line in diameter, and that the ova are a thousand times smaller. 
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Acetic fermentation, 282 
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f hydrocyanic, 223 

^ hydrofluoric, 207 

^ hydrosulphuric, 210 
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, malic, 260 

^ mellitic, 329 

j nitric, 202 

, nitrous, 203 
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f prussic, 223 

^ pyroligneous, 288 
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, sulphuric, 208 

, sulphurous, 213 

, tannic, 261 

, tartaric, 260 
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, oxygen, 197 

Acidulous waters, 219 
Acipcnserid(c, 551 
Aconite, 450 
Acom-shell, 559 
Acorns calamus, 465 
Acotyledons, 466 
Acotyledonous plants, stem of, 
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Acridium migratorium, 565 
Acrogense, 467 
Actmia, 582 

Action of heat on minerals, 
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Actions of the dectric current, 
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Adaptation of the eye, 100 
Addax, 530 
Adder, 547 


Adder’s wort, 458 
Adeps myristioes, 460 
Adhesion, 21 

Adiantum capillus veneris, 
467 

Adjutant stork, 539 
Admiral, red, 566 
Adularia, 317* 

A^orm bodies, 20 
Aeronauta mach^n, 566 

— podaliria, 566 
Affinity, 20, 185 
African ostrich, 538 

— race, 616 
Agalmatolite, 316 
Agaricus amanita, 468 

— campestris, 408 
Georgii, 468 

— pnmulus, 468 
Agate, 224, 307 
Agave Americana, 464 
Aggregation, states of, 17 
Agouti^ 524 
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Aids to astronomical observa- 
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Air cells, 392 
Air, compressibility of, 18 

, perfect elasticity of, IS 

Aira flexuosa, 466 
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Alauda arvensis, 536 
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Albite, 317 
Albumen, 425 
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Alcohol, 267 
Aldebaran, 154 
Alder, 462 
Algse, 469 
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Alkanet, 458 
Alligator, 544 
Allium ascalonicum, 464 

cepa, 464 

porrum, 464 

sativum, 464 

schoenoprasuxn, 464 

schorodoprasum, 464 

Alloy, fuable, 247, 248 
Alloy of gold and silver, na- 
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Alloys of copper, 246 
Allspice, 454 

Alluvial and diluvial deposits^ 
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Almond tree, 454 
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Aloe socotrina, 464 
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vulgaris, 464 

Aloes, 274, 464 
Alopecurus pratensis, 466 
Aloyonian polypes, 582 
Alpaca, 528 
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— of the stars, 146 
— , polar, 145 
Alum, 238 

, chrome, 249 
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, silicates of, 238 

, sulphate of, 238, 314 

Aluminite, 314 
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Amadou, 468 
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Amalgamation of gold, 252 

, process of, 251 

Amalgams, 250 
Amanita muscaria, 468 
Amanthos, 314 
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Amaryllis family, 464 
Amaurosis, 101 
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Amentaces, 462 
Amentum, 419 
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bison, 530 
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Ammonia, 204, 233, 309 
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— , carbonate of, 234 
Ammonia-alum, 315 
Ammoniacum, 274 
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Qucklandii, 364 

— nodosus, 363 

varians, 366 

Ammonium, 233 
— ^ chloride of, 233 
Amnodytes, 555 
Amomum cardamomiim, 463 

zingiber, 463 

Amorphous minerals, 297 
Ampelidese, 452 
Amphibia, 542 
Amphinoma, 570 
Amphipoda, 559 
Amphisbeena, 546 
Amphiuma, 548 
Amygdaloid, 327, 376 
Amygaloidal basalt, 337 
Amyridaccfic, 453 
Amyria family, 453 
Anabas, 556 
Analcim, 315 
Analysis, qualitative, 300 

— quantitative, 300 
Ananassa sativa, 4G4 
Anarrhichas lupus, 555 
Anas molissima, 542 
Anatina, 577 

Anatomy and organography, 
vegetable, 385 
Ancer cinereus, 542 
Anchovy, 553 
Anchusa, 458 
Ancient planets, 175 
Andalusite, 315 
Andromeda, 154 
Angiosperma, 460 
Angl^ 124 

instrument, 126 

— of vision, 131 
Angles, measuring of, 133 . 
Angora goat, 530 
Angois fragilis, 546 
Anhydrite, 309 
Anhydrous alcohol, 267 
— phosphoric acid, 211 
— — salts, 200 
Animals, classification and de- 
scription of, 508 
Animal kingdom, tabularview 
of, 510 


Animal matter, products of 
the decompo^tion of, 283 
Anise, 455 
Aniseed oil, 272 
Annatto, 274 
Annelida, 570 
Annual layers, 399 
Annuals, 396 
Anobium, 563 
Anolis, 545 
Anoplana, 562 
Anoplotherium commune, 3G7 
Anorthitc, 317 
Antelope dorcas, 530 

— tribe, 530 
Anterior optic chamber, 99 
Anther, 416 
Anthotaxis, 418 
Anthoxanthiim odoratum, 466 
Anthracite, 217, 289, 30G, 360 
Anthrenus musconim, 563 
Antiaris toxicaria, 461 
Antidote for arsenic, 212 
Antimonial nickel, 322 

— nickel pyrites, 322 

— ochre, 825 

— silver, 327 

— sulphide of copper, 323 
Antimonic acid, 250 
Antimony, 250, 325 

and lead, sulphide of, 

824 

f native, 325 

, quinquesulphide of, 250 

^ red, 326 

, tartrate of, 250 

, t^xide, 825 

, ti^ulphide, 325 

, tersulphide of, 250 

, white, 325 

Antipathes, 582 
Anf^lion, 565 * 

Ants, 568 

Apparent motion of the sun 
and motion of the earth, 
163 

Apatite, 309 
Aphaniptera, 562 
Aphanite, 336 
Aphelion, 157 
Aphides, 564 
Aphis lions, 565 
Aphrite, 811 
Aphrodita, 570 
Aplysia, 576 
Apocynacesc, 458 
Apogee of the moon, 167 
Apollo moth, 5^6 
Apricot, 454 

— moth, 566 
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Apple, 454 
Apterix australis, 53B 
Apterous insects, 562 
Aqua-fortis, 203 
Aqua regia, 205 
Aqueous formations, 858 

rocks, 350 

Arabian camel, 528 
Arabic, gum, 265 
Arachnidio, 568 
Araneida, 569 
Aranea domestica, 569 
Arc, diurnal, 142 

, nocturnal, 142 

of the circumference, 

128 

Area, 577 
Archer, 576 
Archil, 274, 468 
Archimedes, law of, 55 
Arctic circles, 144 
Arctic fox, 521 

* marine cow, 531 

penguin^ 541 

Arcturius, 154 
Ardea a*gretta, 539 

cinerea, 539 

stellaris, 539 

Ardelidie, 569 
Area of the circle, 129 
Areca catechu, 466 

palm, 465 

Arcnicola, 571 
Argela, 539 

Argentiferous galena, 251 
Argentine, 246 
Argonaiita, 579 
Argidus, 559 
Argus pheasant, 538 
Argyrometa aquatica, 569 
Aristolochi^cea, 461 
Aristolochia sipho, 461 , 

Armadillo, 525 

puslubatus, 558 

Armed lizards, 544 
Aniica, 457 
Arrack, 281 
Arragonitc, 311 
Arrangement of particles of 
matter, 20 
Arrow-root, 264 
Arrow-root family, 463 
Arseniate of cobalt, hydrated, 
321 

of nickel, 322 

Arseniates of copper, 323 
Arsenic, 326 

, antidote for, 212 

, compounds of, 212 

, detection of, 213 


Arsenic, native, 826 

j sulphide oi, 213 

Arsenical cobalt, 321, 326 

cobalt pyrites, 321 

iron, 320, 326 

nickel, red, 321, 326 

nickel, white, 822, 326 

pyrites, 320 

pyrites containing sul- 
phur, 320 

Arsenious acid, 212, 326 
Arsenite of copper, 247 
Artesian wells, 379 
Artichoke, 457 

tribe, 456 

Artificial organic bases, 263 

magnet, 116 

precious stones, 233 

Artocarpea,- 461 
Artocarpus incisa, 461 
Arum maculatum, 465 

family, 465 

Arundo donax, 466 

Phragmitis, 466 

Asarum Europaeum, 461 
Asbe3tusj^l4 
Ascaris limibricoides, 578 
— vermicularis, 578 
Ascension, right, 147 
Asclepiadacese, 458 
Ash of bones, 211 
Ash, soda, 231 
Ashes of wood, 228L 
Asoidae, 578 
Aspen, 462 
Aspergillum, 577 
Asphalt^ 289 
Asphaltum, 329 
Aspidium filix-mas, 467 
Aspinodectes, 543 
Assafoetida, 274, 456 
Astacus fluviatilis, 558 

marinus, 558 

Aster, 467 
Asterias, 580 
Asteroids, 582 
Astragalus, 453 
Astronomical phenomena, 
general, 136 

, special, 155 

Astronomy, 121 

j horizon of, 140 

Atair, 155 
Atmosphere, 67 

, composition of, 196, 

202 

j density of at different 

heights, 60 

, pressure of, 68 

Atomic weights, 189 


Atoms, 17 

Attraction, chemical, 185 

f magnetic, 116 

i mutual, 19 

, phenomena of, 19, 20 

Atriplex hortensis, 460 
Atropa belladonna, 459 
Augite porphyry, 336 
Augites, 313 
Auks, 541 
Aurantiacccc, 451 
Aurochs, 530 
Autumn crocus, 465 
Autumnal equinox, 143, 160 
Avertebrata, 656 
Aves, 532 
Avicolse, 523 
Avicula socialis, 363 
Avocet, 540 • 

Axinite, 318 
Axis, floral, 417 

of a crystal, 293 

-Axolote, 548 
Azalia, 457 
Azimuth, 146 
Azure copper ore, 323 

Baboons, 516 
Baby roupa, 527 
Bacca, 423 
Bacon maggot, 563 
Bactriaii, 528 
Baculites, 575 
Bad conductors of heat, 87 
Balscna, 531 
Balseiioptera, 531 
Balance, 26, 155 
Balance-whcel, 50 
Baleen, 531 
Balister monsceros, 552 
Balm, 459 
Balsam of Peru, 453 

Tolu, 453 

Balsamodendron m}Trha, 453 
Bamboo, 466 

Bambusa arundinacea, 466 
Banana family, 463 
Band, endless, 42 
Bank swallow^ 535 
Barbel, 553 
Bar-iron, 242 
Barium, 236, 311 
Barley, 466 
Bamade, 559 
Bam owl, 535 
Barometer, 59 



Baryta, nitrate of, 237 
— , sulphate of, 236, 311 
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Basalt, 337, 376 

conglomerate, 339 

Basaltic group, 376 

lava, 338 

Basanite, 337 
Bases, 191, 197 

, organic, 262 

Basic oxides, 196 
Basil, 459 

Basiliscus mitratus, 545 
Basilisk, 545 
Bast cells, 387 
Bat tribe, 518 
Batatas, 458 
Batrachia, 547 
Battery, electric, 109 

, Daniell's constant, 114 

, Grove’s, 115 

: , Smee’s, 

Bay myrtle, 4G2 

Bays, oil of, 460 

Beam of the escapement, 48 

Bear, the Groat, 153 

, the Little, 153 

Bear tribe, 453 
Bears, 520 
Bearded griffin, 534 
Beaver tribe, 523 
Bed-bug, 564 
Bee-bird hawk moth, 566 
Bce-eator, £36 
Bees, 568 
Beech, 462 
Beer, 282 
Beet root, 460 
Beet-root sugar, 266 
Beetle tribe, 562 
Belemnites, 575 

mucronatus, 364, 366 

Bell^ diving, 17 

metal, 246 

Bellerophon costatus, 362 
Bengal white fine, 213 
Bent-grass, 466 
Berenice, 581 
Bergamot, 452 
Bergamot oil, 272 
Berries, Persian, 274 

j yellow, 274 

Berry, 423 
Beteigeuze, 155 
Betel pepper, 462 
Betel root, 465 
Betle, 465 
Bevelled wheel, 43 
Biborate of soda, 224, 309 
Bicarbide of nitrogen, 222 
Biennials, 396 
Big-headed mullet, 556 
Bflberry, 457 


Bimana, 515 
Bindweed family, 458 
Biuoxide of lead, 324 

, manganese, 245, 321 

of nitrogen, 203 

of silver, 327 

, tin, 324 

Birch, 462 

Binl of Paradise, 536 
Birds, 532 

division of, 533 

of passage, 532 

of prey, 

Birthwort family, 461 
Bismuth, 247, 323 

, blende, 324 

, native, 323 

, ochre, 323 

, sesquioxidc, 323 

, sesquisulphide, 323 

, silicate of, 324 

nickel pyrites, 322 

Bismuthic silver, 327 

sulphide of copper, 323 

Bismuthine, 323 
Bisiil])hidc of carbon, 223 

of iron, 244 

Bitartrate of potassa, 260 
Bitter almond oil, 272 
liitter spar, 312 
Bitter sweet, 459 
Bittern, 539 
Bitumen, 289, 329 

, elastic, 329 

Black-backed gull, 512 
Black bear, 520 
Blackbird, 535 
Black bodies, 92 
Black-c|ip, 535 
Black coral, 582 

elder, 452 

glass, 233 

grouse, 538 

hellebore, 450 

oxide of copper, 322 

porphyry, 336 

rat, 523 

rousette, 519 

sulphide of silver, 327 

thorn, 454 

water coot, 640 

wood-pecker, 537 

Black-throated wax wing, 
635 

Blacking, 217 
Blaps mortisaga, 563 
Blast furaacG, 241 
Blattidse, 565 
, Bleaching powder, 286 
Bleak, 553 


Blende, bismuth, 3.24 

, prismatic manganese, 

321 

, zinc, 325 

Blind mole, 620 

worm, 616 

Blindness, 101 
Blood, coagulum of, 277 

, dragon’s, 274 

Bloodstone, 320 
Blowpipe, 300 
Blowpipe flame, colour of, 
301 

Blue-bottle, 568 

Blue carbonate of copper, 323 

Blue glass, 233 

iron ore, 320 

maccaw, 537 

, Prussian, 244 

titmouse, 535 

vitriol, 217, 328 

Boa constrictor, 546 

, marine, 646 

I Bodies, aeriform, 20 

, apparent motion of tho 

[ licavenly, 140 

I , black, 92 

, compound, 184 

, compressibility of por- 
ous, 18 

, distance of tho hea- 
venly, 131 

, elastic, 18 

, elect ric, 106 

, expansion of, hv lieat, 

73 

, fiilling of, 23 

, falling of, in vacuum, 

24, 61 

, gaseous, 17 

, highly elastic, 19 

— 1 ^, law of falling, 24 
— liquid, 17 

, luminous, 92 

, magnitude of the hea- 
venly, 134 

j method of comparing 

cohesion in, 21 

, neutral, 191, 192 

, non-electric, 106 

, non-elastic, 19 

, non-luminoiis, 92 

, passage of sound 

through, 70 

^ porous, 18 

^ resistance of the air to 

falling, 24 

solid, 17 

, transparent, 95 

I Bog iron ore, 369 



Bohemian chatterer, 535 
Bohemian crystal glass. 232 
Bohun-upas, 462 
Boiling stones, 815 
Bole, 316 

Bombardier beetle, 563 
Bombi, 568 
Bombyx atlas, 567 

caja, 666 

monacha, 566 

— pini, 666 

mori, 567 

Bonc-ash, 211 
Bone charcoal, 217 
Bones of the ear, 607 
Bones, structure of, 217 
Bootes, 154 
Bopyrus, 559 
Boracile, 312 
Borage farhily, 458 
Boraginaceee, 458 
Borax, 224 
Boron, 224, 305 
Bos bubiilus, 530 

cafter, 630 

moschatus, 630 

tarus, 630 

Bostrichus typographuSiGOS 
Botany, 383 

■ , descriptive, 449 

, fossil, 448 

, systematic, 443 

Bot-fly, 568 
Botriocephalus, 579 
Bottle glass, 232 
Bottle glass, green, 233 
Boulders, 372 
Boumanite, 323 
Bovine antelope, 530 
Box-tree, 461 
Brachyoura, 668 
Bracts, 40 JT 
Bractislas, 419 
Bradypus, 624 
Brahmin ox, 630 
Bramble, 464 
Branchiopoda, 659 
Branchipus, 659 
Brandy, 2G7 
Brass, 216 
Brazil wood, 274 
Bread-fruit tribe, 461 
Breost-whecl, 44 
Breccia, 338 

Brimstone, A^egctable, 467 
Brionia alba, 454 
Brittle sulphide of silver, 327 
Briza media, 466 
Brocoli, 460 
Brome gtass, 466 


Bromelia ananas, 464 
Bromeliacese, 464 
Bromine, 206 
Bromus mollis, 466 

racemosus, 466 

Bronze, 246 
Bronzite, 313 
Brown bear, 520 
Brown clay, 238 

coal, 285, 306 

diachylon, 270 

iron ore, 320 

iron-stone, 244 

ironstone, compact, 320 

ironstone, earthy, 320 

ironstone, fibrous, 320 

polype, 682 

rat, 523 

spar, 312 

wolf spider, 669 

Buceridae, 636 
Buccinum, 676 
Buccinum harpa, 676 

undatum, 676 

Buck-bean, 458 
Buckthorn family, 452 
Buck-whea* famii 3 ', ^ 

Bud, 409 
Buffalo, 630 
Bufo calamites, 648 

cinereiis, 648 

fuscus, 64» 

gigas, 548 

Bugloss, 468 
Bulb, 395 
Bull, 154 
Bulla, 676 
Bullfinch, 536 
Bidl frog, 648 

Bundles of vascular tissue, 390 
Bunter sandstein, 363 
Buprestis, 663 
Burdock, 456 
Bur-reed, 465 
Burning-glasses, $8 
Bursatclla, 676 
Bush antelopes, 630 

goat, 630 

Bustani, 639 
Butcher birds, 535 
Butyric acid, 269 
Buttercup, 460 
Butterflies, 566 
Butterfly weed, 468 
Buxus sempervireiis, 461 
Buzzard, 634 
Byttneriaceae, 461 

Cabbage, 450 I 

Cabbage palm, 465 


Cacao-tree tribe, 461 
Cachelot, 631 
Cactaceae, 454 
Cactus opuntia, 454 
Caffeine, 456 
Cajeput, oil, 454 
Caking coal, 286 
Calamine, 249, 325 

, luminosity of, S26 

— , polaric electricity o^ 
326 

Calcareous rocks, 367 

spar, 310 

tufa, 311, 369 

Calcedony, 307 
Calceolaria, 459 
Calcined magnesia, 237 
Calcium, 234, 309 

f chloride 0 ^ 236 

, fluoride of, 206 

, oxide of, 234 

Calc-spar, 235 
Caligus, 659 
Calla. 465 

CallitLrix scinrea, 517 
CalyciflorsB, 462 
Calyx, 413 

Camberwell beauty, 666 
Cambium cells, 391 
Camel tribe, 628 
Camellia, 451 

japonica, 451 

Camclopardus, 528 
Camelus bactrianus, 628 

dromedarius, 628 

Cainpeachy wood, 274, 453 
I Camphor, 272, 460 
Canals, interc^ular, 302 
Canary, 536 

Cancer, tropic of, 140, 160 
Candleberry, 462 
Candles, stearin, 270 
Cane-sugar, 265 
Canis aureus, 521 

familiaris, 621 

lagopus, 621 

lupus, 621 

vulpes, 621 

Cannabus Indica, 461 
Cannabus sativa, 461 
Cannaccae, 463 
Cannel coal, 286 
Cantharis, 663 
Capacity for heat, 90 
Cape buffalo, 630 
Capella, 164 
Capcllan, 653 
Capercalzie, 638 
Capillary force, 22 
or hair tubes, 22 
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Caoutchouc, 273 
Capitulum, 431 
Capra-hircus, 530 
Capricorn, tropic of, 149, 160 
CaprifoliaceaB, 456 
Capriform antdope, 530 
Capsicum, 459 
Capsule, 423 
Gapybara, 524 
Carabidse, 563 
Carabus auratus, 563 
Caraway seed, 455 
Carbides of hydrogen, 219 
Carbon, 213, 305 

^ absorption of, 431 

^ bisulphide of, 223 

, compounds of, 217 

, different forms of, 213 

, mtrogeneous, 216 

Carbonate of ammonia, 234 

of copper, 247, 323 

of copper, blue, 323 

of iron, 245, 320 

oflead, 248, 324 

of lime, 234, 310 

of magnesia, 237 

of manganese, 321 

of potassa, 228 

of silver, 327 

of soda, preparation of, 

from chloride of so- 
dium, 231 

of zinc, 325 

Carbonic acid, 217 
, liquefaction and solidi- 
fication o^ 219 

oxide, 219 

Carboniferous limestone, 362 
Carbonization, slow, 284 
Cardia, 577 
Cardinal points, 142 
Carices, 465 
Carnation, 451 
Camelian, 224 
Carnivora, 519 
Carob 453 
Carp tribe, 553 
Carpels, 416 
Carpenter bees, 568 
Carragheen moss, 275, 469 
Carrion flies, 568 

beetles, 563 

crow, 536 

Carrot, 455 
Carvinus mcenas, 558 
Caiyophyllacese, 451 
Caiyophyllia, 582 

fastigiata, 371 

Caiyopsis, 423 
Casein, 278 


Cashew-nut family, 452 
Cashmirgoat, 530 
Cassava, 461 
Cassia, 460 
Cassiopeia, 153 
Cassis, 576 
Cassowary, 538 
Castanea vesca, 462 . 
Cast-iron, 242 
Castor, 155 

fiber, 523 

oil, 461 

Castoridae, 523 
Cast-steel, 243 
Casuarius indicus, 538 
Cat, 522 
Cat's-eye, 307 
Cataract, common, 101 
— , incurable, 101 
Cateipillar, 561, 565 
Catkin, 419 

Catkin-bearing family, 462 
Caucassian race, 515 
Cauliflower, 450 
Caustic lime, 234 

^ lunar, 252 

potassa, 228 

Cavi^ 524 
Cavities, drusic, 297 
Cavy, 524 
Cayenne pepper, 459 
Cayman, 544 
Cayota utens, 465 
Cebidse, 517 
Cedar, 462 
Cedrus, 462 
Celandine, 450 
Celery, 455 
Celestial globe, 148 
Celestine, 312 
Cells of plants, 386 

j cambium, 391 

, contents o^ 387 

f functions of, 388 

j laticiferous, 390 

Cellular sap, 387 

tissue, 391 

Cellulares, 468 
Cement, steel, 243 
Cemented 234 
Centaury, 458 
Centigrade scale, 72 
Centimeter, 15 
Centipedes, 559 
Centi^ 128 

of gravity, 99 

Centrifugal force, 35 

madiine, 85 

Centripetal force, 83 
Cephalopoda, 573 


Cephalons mollurics, 573 
Ceratites, 864 
CercopitMcus sabseus, 517 
Cerin, 271 
Cervus alces, 529 

dama, 529 

capreolus, 529 

elaphus, 629 

tarandus, 529 

Ccstum veneris, 581 
Cetacea, 531 
Cetraria Islandica, 468 
Chabasite, 315 
Chaffinch, 536 
ChalcidsB, 545 
Chalk, 234, 235, 311, 3(’>5 
Chalybeate waters, 245 
Chama gigas, 577 
Chamber fly, 568 
Chameleon, 545 * 
Chamelion, mineral, 245 
Chamois goat, 530 
Chamomile, 457 
Chamomile-oil, 272 
Charadrius plurialis, 540 
Charcoal, animal, 215, 216 

, wood, 215 

Chariadriadae, 540 
Cheese-hopper fly, 568 
Cheese mites, 570 
Cheiroptera, 518 
Chelifseor, 570 
Chelone midas, 544 

esculenta, 544 

Chelonia, 543 
Chemical affinity, 185 
compounds, general pre- 
ppies of, 191 4 

decomposition, 186 

decomposition by light, 

255 

— formulsB, 19‘i. 

— properties of minerals, 

300 

symbols, 189 

Chemistry, 183 

, organic, 256 

Chenopodiacese, 460 
CherdPs crispus, 4G9 
Cherry, 454 

fly, 568 

Cherry gum, 275 

laurel, 464 

^ Peruvian winter, 459 

Chervil, 455 
Chestnut, 462 
Chiastolite, 316 
Ghickweed femily, 461 
Chili saltpetre, 229 
ChiUieB, 459 



CliimGrasi, 551 
Chimney swallow, 635 
Chimpanzee, 517 
Chinchilla lanigora, 523 
Chinchilladne, 523 
Chinese idols, carved out of 
clay stone, 316 
Chinese wax, 271 
Chironoctcs, 555 
Chiton, 676 
Chive, 464 

Chlam 3 q)honi 8 tnincatns, 525 1 
Chlorate of potassa, 229 
Chloric acid, 205 
Chloride of ammonium, 233 

of calcium, 236 

of copper, 323 

of iron, 244 

of lead, 324 

of lime, 236 

of magnesium, 237 

of mcrciuy, 251 

of mercury, native, 326 

of silver, 252, 327 

of sodliun, preparation 

of carbonate of soda 
from, 231 

of strontium, 237 

Chlorides, 225 
Chlorine, 204 

compounds of, 204 

Chlorite, 319 

slate, 319 

Chloroform, 268 
Chlorophyl, 274 
Chlorous acid, 205 
Cliocolatc family, 151 
Chondrus crispus, 469 
Chord, 128 
Chough, 536 

Chromate of lead, 210, 3J J, 
325 • 

of mercury, 250 

of potassa, 249 

Chr(»me alum, 219 

iron, 320, 325 

iron-stone, 249 

Chromic acid, 210 
Chromium, 210, 325 

, scsquichloridc of, 249 

, scs(juioxidc of, 249 

Chrysalis of the silkworm, 666 
(3iiysobcryl, 319 
Chrysocolia, 323 
Chrysomclince, 664 
Cicada, 5G4 
Cichoraccw, 457 
Cicindclidas, 563 
Cichiris impcrialis, 580 
Ciliobrachiata, 582 


Cimex testularius, 564 
Ciiichona-trec, 456 
Cinnabar, 251 

, hepatic, 326 

, natural, 326 

Cinnamon, 460 
Cinnamon-oil, 272 
Cipripedium, 463 
Circle, 128 

, area of the, 129 

, great, 128 

, horaiy, 150 

, noon, 146 

Circles, arctic, 144 

of declination, 147 

of latitude, 138 

Circulation of sap, 386 
Circumference, 128 

, arc of, 1 28 

of the earth, 137 

Cirrhohoda, 559 
Cistudo, 543 
Citric acid, 260 
Citron, 452 
Citysus, 453 

Cladonia rongiferina, 468 
Cladocera, 559 
Clamp-sheil, giant, 577 
Classidcation and description 
of animals, 508 

of birds, 632 

of fishes, ®50 

of maininalia, 514 

of minerals, 292 

Classification of physical phe- 
nomena, 19 

of plants, 443 

of rocks, 333 

of the heavenly bodies, 

151 

of the metals, C2G 

Clay, 238, 340 

, common, 316 

galls, 339 

, ironstone, 320 

, pipe, 316 

, potter’s, 316 

slate, 358 

stone, 316 

slate, common, 334 

stone, Chinese idols 

carved out ot^ 316 
Clays, 315 

coloured by sesquioxide 

of iron, 316 

, earthy, 316 

Cleavage of minerals, 297 
Cleft grafting, 411 
Clematis, 450 
Clianthus, 453 


Climbing dsh, 556 

rat, 523 

Clinanthium, 421 
Clio, 675 
Clock, 46 

spring, 46 

weight, 46 

Closing-wire, 112 
Clothes moth, 566 
Cloud, 79 
Clove-oil, 272 
Cloves, 453 
Club-moss family, 467 
Clupea alosa, 553 

encrasicholus, 553 

harengus, 553 

sardina, 553 

Cluster, 419 

Cluster-floweficd hyacintli, 
464 

Cluster pine, 462 
Coagulum of blood, 277 
Coal, 217, 306 

, brown, 285 

formation, 360 

fish, 554 

gas, mauufactiu*e of, 

220 

, mineral, 285 

, purification of, 220 

Cobage, 524 
Cobalt, 245, 321 

, arsenial, 321, 326 

, bloom, 321 

, earthy, 321 

, hydrated arseniate of, 

321 

, oxide of, 246 

! pyrites, arsenical, 321 

, sulphide of, 321 

, white, 321 

Cobaltine, 321 
Cohitis, 553 
Cobra di capella, 516 
Cochin-China monkey, 517 
Cochineal, 274 
Cochineal insect, 564 
Cockatoo, 537 
Cockchafer, 563 
Cockles, 677 
Cockroaches, 665 
CockVfoot grass, 466 
Coco nut palm, 465 
Cocoons of the silkworm, 5 GO 
Cocus nucifera, 465 
Cod, tribe, 554 
Codling moth, 566 
Cceciliadaj, 648 
Ca-lelmintha, 679 
Coflfee-tree, 466 

2i 
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Cohesion, 19, 20, 187, 297 

, method of comparing 

in difTerent bodies, 21 
Cohesive force, tendency of, 
to arrange ultimate par- 
ticles with regularity, 21 
Coinage, gold, 246, 252 

, silver, 246 

Coke, 222, 286 
Oolchicum autumnale, 465 

family, 465 

Cold zones, 90 
Coleoptera, 562 
Colewort, 450 
Colocynth, 454 
Cologne pipe-clay, 238 
Colophony, 273 
Coloured glasses, 233 
Colouring matters, 274 
Colour of minerals, 299 

of the blowpipe dame, 

301 

of the borax glasses, 302 

Colours, 102 

of hydrates, 200 

of metallic sulphides, 

210 

, prismatic, 103 

, rainbow, 103 

Coltsfoot, 457 
Columba coronata, 538 

migratoria, 638 

cenas, 638 

palumbis, 538 

risoria, 538 

till tur, 638 

Columbine, 450 
Colymbus cristatus, 641 

glacialis, 541 

septentrionalis, 541 

Combinations, dlifeient kinds 
of, 188 

of the compound groups 

(Chem.), 256 
Combined electricity, 107 
heat, 89 

Combustible constituents of 
plants, absorption ot^ 430 
Combustion, 196 
Comets, 151 

Commensimable distances, 131 
Common metals, 226 

mirrors, 93 

Compact brown ironstone, 320 
Comparison of measures, 16 

of weights, 27 

Comportment of minerals with 
light, 298 

— with electricity and mag- 
netism, 299 


Composition of forces, 32 

of the atmosphere, 202 

Composite, 456 
Compound bodies, 184 

groups, 192 

groups, combinations of 

I the (Chem.), 256 

organs of plants, 392 

radicals, and their com- 
binations, 258 

roots, 394 

Compounds, albuminous, 276 

, organic, 267 

, oxygen, 196 

df arsenic, 212 

of carbon, 217 

of chlorine, 204 

of copper, 246 

of hydrogen, 199 

of iron, 244 

of mercury, 250 

of nitrogen, 202 

of potassium, 228 

of sulphur, 208 

Compressibility, 15, 18 

of air, 18 

of metals, 18 

of porous bodies, 18 

of water, 18 

Concave lens, 97 

mirrors, geometrical 

centre of, 93 

, optical axes of, 93 

j optical centre of, 93 

, radius of, 93 

Conchifera, 676 
Concord, 69 

Condensation of gases by 
spongy platinum, 253 
Condor, 634 
Conduction of heat, 87 
Conductors of heat, 87 

of electricity, 106 

, lightning, 111 

Cone, 419 

Cone-bearing &mily, 462 
Concine, 263 
Conferva crispa, 469 
Condguration of rocks, 312 
Conifera;, 462 
Conglomerates, 339 
Conjunction, 169 
Consonance, 69 
Constant, 134 

Constellations and signs, 163 

of the ecliptic, 164 

Contact, electricity by. 111 
Convallaria majalis, 464 
Convex lenses, double, 96 
mirrors, 93 


Convolvulus, 458 
Convolvulus moth, 666 
ConvolvulacesB, 468 
Copal, 273 
Copal, fossil, 329 
Copernicus, 178 
Cophia, 647 
Copper, 246, 322 

, acetate of, 247, 260 

, alloys of, 246 

and silver, sulphide of, 

327 

, antimonial sulphide of, 

323 

, arseniafes of, 323 

, arsenite of, 247 

, bismuthic sulphide of, 

323 

, black oxide of, 322 

, blue carbonate of, 323 

, carbonate of, 247, 323 

, chloride of, 323 

, compounds of, 246 

i native, 322 

ore, azure, 323 

ore, gray, 323 

, phosphates of, 323 

, protoxide of, 247 

, purple, 323 

pyrites, 323 

y red oxide of, 322 

, silicate of, 323 

slate, 363 

, soluble salts of, 322 

, suboxide of, 322 

y sulphate of, 247, 323 

y sulphide of, 322 

, vitreous, 322 

Coproliles as manure, 438 
(>oraI reefs, 371 

snake, 540 

— — viper, 546 
Corals, 235, 582 
Core, 422 
Coriander, 455 
Corinogense, 467 
Cork, mountain, 314 
Cormorant, 641 
Com-borer, 663 

cockle, 461 

flower, 456 

moth, 666 

Cornea, 99 
Corolla, 414 

y labiate, 415 

y papilionaceous, 415 

Corolliflorai, 456 
Corridsc, 664 
Corsican moss, 469 
Corundum, 238 



Corundums, 314 
Corvidsc, 535 
Corvus corax, 536 

coroiie, 536 

comix, 536 

frugilcgus, 536 

glandarius, 535 

moncdula, 536 

pica, 536 

Corylus avvcllana, 462 
Corymb, 420 

, branching, 420 

Corymbiferaj, 457 
Coryphium, 559 
Cotton-grass, 466 
Cotton-plant, 451 
Cotyledon, 401, 425 
Cow-bane, 455 
Cow-berry, 457 
Cowries, 576 
Cow-treo, 461 
Crab, 155, 558 
Crake, 540 

Cranberry family, 457 
Crane, 540 

Craters of volcanos, 351 
Cray-lish, 558 
Cream of tartar, 260 
Creosote, 288 
Cress, 450 

Cresswort family, 450 
Crested diver, 511 

lark, 536 

real, 531 

Crickets, 565 
Crinoidjc, 580 
Crioccratitcs, 575 
Crocodile, 544 
Crocodilus gangcticus, 544 

luciiis, 544 

vulgaris, 644 

Crocus, Scftiviis, 461 
Ooss-bill, 536 
Cross-spider, 569 
Cross-stone, 315 
Cn^taliis diirissus, 547 

horridus, 617 

Croton oil, 461 
Crow tribe, 536 
Crowfoot family, 450 

, poisonous, 460 

Crown, 418 
Crown imperial, 464 
Crowned pigeon, 538 
Crucifero;, 450 
Crustacea, 557 
Crustacea, shells of, 235 
Cryptogamus plants, 466 
Crystal, axis of, 293 
f rock, 307 


INDEX. 

Ciystal-glass, Bohemian, 232 
Crystals, 21 

, efllorescenco of, 201 

, fundamental forms of, 

293 

, hemihedral forms of, 

294 

y hexagonal system of, 

296 

, planes, edges, and angles 

of, 292 

, regular system of, 294 

, secondary forms of, 293 

, tabular, 296 

Crystalline forms of diamond, 
214 

lens, 98 

Crystalline mass 297 

rocks, 334 

Crystallization of felspar, 317 

systems of, 293 

Crystallization, water of, 200 
Crystallized carbon, 213 
Crystallography, 292 
Cube, 294 

Cubic contents of the sphere, 
3 29 

Cuckoo, 536 
Cuckoo-pint, 465 
Cuculus canorus, 536 
Cucumber family, 454 
Cucurbitacaex, '*51 
Cudbear, 274, 468 
Gulicidsc, 568 
Culinary salt, 204, 230 
Culm, 395 

Culmination inferior, 142 

y point of, 142 

Cumin-oil, 272 
Cupriferous slate, 340 
Curcuma longa, 463 
Curlew, 640 
Currant family, 454 
Current, electric, 112 

, magnetic, 117 

Currents, phenomena of, 19 
Ciirsores, 538 
Cuttle fish, 573 
Cyanide of iron, 244 
Cyanogen, 222 
Cyclidium, 583 
Cyclostomi, 552 
Cylinder watches, 61 
Cylindrophis, 546 " 

Cympidse, 667 
Cynarocephalas, 456 
Cynocephalus hamadryas, 
617 

maimon, 617 

[ CypcraceaB, 465 


m 

Cypress, 462 
Cyprinidae, 553 
Cyprinus albumus, 554 

auratus, 553 

barbus, 553 

carpio, 553 

rutilis, 553 

tinea, 553 

Cysticerous cellulosa, 679 
Cystiformes, 579 
Cytoblast, 388 
Cyttaria Darwinii, 468 

Dactylis olobierata, 466 
Dactylopterus volitaus, 555 
Dadbdil, 464 

Daguerreotype process, 255 
Dahlia, 457 
Daisy, 457 
Damask-rose,* 453 
Dandelion, 457 
Daniell’s constant battery, 
114 

Daphne family 460 

lauriola, 460 

mezereum, 461 

Darnel-grass, 4G6 
Darters, 541 
Date palm, 466 
Datura arborea, 459 

stramonium, 459 

Day, 142 

, division of the, 165 

flies, 565 

y mean tcraperatmre of, 

90 

, sidereal, 165 

, solar, 165 

Dead nettle, 460 
’Deadly nightshade, 459 
Death watch, 563 
Death’s head moth, 566 
Debris, 340 
Dccapoda, 558 
Decay, 280 
Decimal measures, 16 
Decimeter, 15 
Declination, 117 
— circles of, 147 

of a star, 147 

Decomposed light, 103 
Decomposition by electricity, 
253 

, chemical, 186 

, spontaneous, 280 

Decrease of the force of gra- 
vity, law of, 23 
Dcer-tribc, 528 
Degree, 125 
Degrees of latitude, 138 



Dehiscence, 416 
Delphinidse, 531 
Deltas, 368 
Dendrites, 345 
Dendrophyllia, 582 
Density, 27 

, method of determining, 

55 

of the atmosphere at 

different heights, 60 
Deoxidation, 199 
Deposits, alluvial and dilu- 
vial, 368 
Dermestes, 563 
Description of minerals, 304 
Descriptive geology, 332 
Desmodus, 519 
Detection of arsenic, 213 
Determination of distances, 
132 

Devil’s dung, 274 
Dew, 80 
Dextrin, 265 
Diachylon, brown, 270 
Diagonal scale, 138 
Diallage, 313 
Diameter, 120 

of the earth, 137 

, difference of, at the 

equator and the 
poles, 26 

of the moon, 166 

Diamond, 214, 305 

, combustion of, 214 

, crystalline fonns of, 214 

beetle, 563 

Diastase, 265, 278 
Diatomacese, 469 
Dicotyledoncs, 449 
Dicotyledonous plants, stem 
of, 398 

Dictyogensc, 463 
Didelphls marsupialis, 522 
Difference in the diameter of 
the earth at the cqiiator 
and the poles, 26 

in the oscillations of the 

pendulum at different 
parts of the earth, 25 
Different kinds of combina- 
tions, 188 
Diggers, 568 
Digitalis purpurea, 459 
Dignis, 523 
Dill, 455 

Diluvial formation, 371 
Diminished images, 95 
Dinoris, 539 

Dinotherium giganteum, 367 
Diudon, 552 


Diopsidc, 313 
Dionte, 336, 375 
Dioscoraceae, 463 
Dipping syphon, 63 
Dipsacaceac, 456 
Diptera, 568 

Direction and velocity, 29 
Disc, spots on the sun’s, 157 
Discharging rod, 109 
Discord, 69 

Discovery of the watch, 61 
Dispersing mirrors, 95 
Distance, 130 

, determinations of, 132 

of distinct vision, 99 

Distance of the heavenly 
bodies, 134 

of the moon from the 

earth, 166 

Distances, commensurable, 
130 

.incommensurable, 130 

Disthene, 316 
DLsiillation, 76 

, dry, 287 

, natural products of, 

289 

Distilled water, 20 
Di>tinct vision, distance of, 
99 

Distribution of heat, 90 

of jflaiits over the gl(d)e, 

412 

Dittany, 452 
Diurnal arc, 142 

phenomena, 142 

Divers, 541 
Diving bell, 17 

spider, 569 

Divisibility, 15, 17 
Division of reptilia, 513 

of the earth, 137 

of the heavens, 1 39 

of the solar day, 165 

Dodecahedron, hexagonal, 29 G 

, pentagonal, 294 

, rhombic, 294 

Dodo, 539 
Dog, 521 

Dogbane family, 458 
Dog fish, 550 
Dog-star, 155 
Dolerite, 337 
Doleritic lava, 338 
Dolomedes, 569 
Dolomite, 237, 313 
Dolphin, 531 
Domestic goat, 630 

sheep, 530 

Dormouse, 523 


Double convex lenses, 96 

refracting spar, 311 

refraction, 298 

Draco volans, 545 
Dragon, 153 
Dragon’s blood, 274 
Dragon flies, 5 65 
Drinks, spirituous, 281 
Dromedary, 628 
Drupe, 423 
DriLsic cavities, 297 
Dry distillation, 287 

pile, 112 

rot, 251 

Dry way, investigation of mi- 
nerals in the, 300 
Drying oils, 270 
Duck-billed plat\’piis, 525 
Duck tribe, 512 
Ductility of gold, 252 

of metals, 17 

Dung flies, 568 
Duimocks, 535 
Duodecimal measures, 16 
Duramen, 399 
Duration of solar liglit, 161 

and ])olar altitude, 

table of, 161 
Dvvale, 459 
Dwarf flag, 403 
Dveing, use of alumina in, 
■'238 

Dyer’s red, 274 
D^mamometer, 30 

Eaoi.e, 155 
ICaglcs, 531 

, fern, 467 

, owl, 531 

TCar, bones of the, 507 
Earth a large magnet, 117 

and moon, !('!> 

, circumrerence of tie*, 

137 

, diameter of the, 1 .‘>7 

, division of tho„ 137 

, ligure of the, 136 

, Fuller’s, 238, 341 

, green, 320 

, Icninian, 316 

, magnitude of the, 1 37 

, moon’s distance fn»m, 

166 

, origin and structure of 

the crust of, 349 

, orbit of the, 157 

, poles of the, 137 

, porcelain, 238, 316 

, solid contents of the, 

137 



Earth} superficial contents of 
tlM!} 137 

Earthenware, 240 
Eartli-foam, 311 
Eartli’s axis, position of, to 
the j)lanc of the orbit, 1 58 
Earths, metals of the alkaline, 
223 

Earth-wax, 329 

, Veronese, 320 

Earth-worms, 671 
Earthy brown ironstone, 320 

cla5'S, 31 G 

cobalt, 321 

resins, 329 

Earw'iffs, 6G5 
East, 142 

]Cbb of the tide, 171 
Ebullition, 76 

Eccentricity of the ellipse, 
129 

Eeliulna, 525 
Ecliiiiicln, 580 
EehUioilermata, 579 
Echinus, 580 
JOchimn, 458 
Echo, 70 
Eclipse, 171 

, lunar, 172 

, solar, 173 

Eclijitie, 143 

, constdlations of the, 

161 

Edentata, 521 
Edibhi chestnut, 4C*2 

snail, 576 

Eel^elcctrical, 655 

salamander, 548 

tribe, 554 

ICflloreseence of crystals, 201 
Ei^^-plan*, 459 
Ej?ypti;ui vulture, 534 • 

Eider duck, 542 
Elais i^uineensis, 465 
Elastic bitumen, 329 

bodies, 18 

Elaslieity, 15, 18 

anil expansion, hw of, 

56 

of fjascs, 56 

Klator, 563 
Elder, 456 

, black, 452 

Elecampane, 451 
Electric battery, 109 

bodies, 106 

current, 112 

spark, 106 

telegrapli, 119 

Electrical eel, 555 


Electrical series of the elc- 
I meiits, 254 

silure, 554 

state of tourmaline when 

wanned, 318 
lillectricity, 105 
and magnetism, com- 
portment of minerals 
I with, 299 

by contact. 111 

by induction, 107 

, combined, 107 

, conductors of, 1 06 

, decomjiosition by, 253 

, frictional, 105 

, negative, 107* 

, neutral, 107 

, non- conductors of, 106 

, positive, 107 

, liolaric, of calamine 

325 

Electrifying machines, 109 
Electro-magnetism, 118 
Elcctropliorus, 107 
Electrotype process, 254 
Elements, electrical series of, 
254 

, metfillic, 184 

, noil-metallic, 184 

^ tabular view of, 18" 

Elephant, 625 

, seal, 53u 

Elottaiia, 463 
lilloutherobrancliii, 551 
Ellipse, 129 

, eccentricity of the, 129 

, foci of the, 129 

, long axis of the, 129 

, short axis of the, 129 

Elk, 529 

Einbcriza citrinella, 536 

liortulana, 636 

nivalis, 536 

Embryo-cells, 408 
l’]inbryo-sac, 424 
hhnbryonie leaf, 401 
Emerald, 319 
Emery, 238 
Emetic tartar, 250, 260 
Emperor moth, 506 
Emys, 543 
Enamel, 233 

Jhicrinites monilifonnis, 363 
Endive, 457 
Endless band, 42 
Endocarp, 422 
Eaidosmosc, 388 
Engine, lire, 62 

of high pressure, 84 

of low pressure, 84 


1 English flint-glass, 232 

rouge, 244 

rat, 523 

sulphuric acid, 209 

Engravings, bleaching of, 236 
Entozoa, 578 
Epcira cliadema, 5G9 
Ephemeridne, 565 
Epicarp, 422 
Epidote, 318 
Epilobium, 451 
Epsom salts, 237 
Equal-armed lever, 37 
Equal velocity, 29 
Equation of lime, 165 
Equator, 137 

, diflerenre between the 

diameter at, and at 
the i»olcs, 26 

of the magnet, 116 

Equatorial altitude, 145 
Eqiullbriuni and motion, 19, 
28 

of fluids, 52 

of forces, 31 

of gases, 66 

, position of, 36 

Equinoctial, 141 
Equinox, autumnal, 143, 160 

, vernal, 143, 160 

Equisctaceae, 467 
Equivalents, 189 
Eijuus assimis, 627 

cuballus, 527 

quazza, 527 

zebra, 527 

Ericaceae, 457 
Eme, 534 
Erratic blocks, 372 
Escapement, 48 

, beam of, 48 

ICsculcnt swallow, 535 
Etching on glass, 207 
Ether, 269 

, (as opposed to matter), 

64 

, vibrations of, 65 

Ethereal oils, 271 
Ethyl, 258 
Englcna, 583 
Eunice gigantea, 571 
Enphorbiacea', 461 
Euphrasia, 459 
Eiqdirosino, 570 
European bison, 530 

lioopoo, 636 

Eurvale, 580 
Euterpe montana, 405 
Evaporation, 76 
Evening peacock’s-cyc, 

2 1 2 
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Evening red, 103 
— — star, 170 
Exhalation, 61 
Exocetus, 553 
Expansibility, 15, 19 
Expansion and elasticity, la>v 
of, 56 

by heat, 71 

of bodies by heat, 73 

Experiments of Otto von 
Guericke, 61 
Explosive gas, 200 
External forms of rocks, 344 
Eye, 98, 608 

, accommodation of the, 

100 

, adaptation of the, 100 

Eye-bright, 459 
Eye-glass, 98 

Fagopyrum csculentum, 460 
Eagus sylvatica, 462 
Ealircnheit’s scale, 72 
Falcons, 534 
Falco sesalon, 534 

albicella, 534 

buteo, 534 

. fulvus, 534 

furcatus, 534 

Islandicus, 534 

mil\'us, 534 

nisus, 534 

palumbarius, 534 

tinnunculus, 534 

Falling bodies, law of, 24 

, resistance of the air to, 

24 

Falling in a vacuum, 24, 61 
Falling of bodies, 23 
Fallow, 439 
Fallow-deer, 529 
Fata morgana, 101 
Fats, 262, 269 
Fat-tailed sheep, 530 
Fatty acids, 262 
Faults, 346 
Fayence porcelain, 240 
Fedia, 456 
Felis catus, 522 

leo, 522 

leopardus, 522 

lynx, 522 

onca, 522 

pardalis, 522 

pardus, 522 

tigris, 522 

Fclsite, 317 
Felspar, 230 

, crystallization of, 317 

Felspars, 316 


Fennel, 455 
Fennel-oil, 272 
Ferment, 280 
Fermentation, 280 

, acetic, 282 

Fcm family, 467 
Fcrrocyanide of potassium, 
244 

Fescue-grass, 466 
Festuca pratensis, 466 
Fibre, vegetable, 275 
Fibrin, 277 

Fibrous brown ironstone, 320 

hcematitc, 320 

limestone, 311 

tissue, 389 

Ficus carica, 461 

elastica, 462 

elliptica, 462 

prinoides, 462 

radula, 462 

Field beet, 460 

lark, 536 

poppyi 450 

salad, 456 

sorrel, 460 

violet, 451 

Fieldfare, 635 
Fig-tree, 461 
Fig-wort family, 459 
Figure of the earth, 136 
Figures, sound, 69 
Filament, 415 
Filices, 467 
Final velocity, 30 
Finches, 536 
Fingal’s Cave, 377 
Fire-damp, 219 
Fire-engine, 62 
Fire-frog, 548 
Fire, green, 237 

, red, 237 

Fishes, 155, 548 

, classitication of, 550 

Fish-hawk, 534 
Fish-lice, 559 
Fissured rocks, 342 
Fistulida, 580 
Fixed stars, 151 
Flame, oxidizing, 301 

, reducing, 301 

Flamingo, 540 
Flat-fish, 554 
Flax family, 452 

plant, 452 

Flea tribe, 562 
Flesh-coloured glass, 233 
Flexible sandstone, 331 
Flint, 224 

Flint-glass, English, 232 


Flints, 365 
IHitter-mouse, 519 
Floral axis, 417 

leaves, 401 

How of the tides, 170 
Flower, 412 

, accidental parts of, 418 

, adhesion of the several 

parts of, 417 

buds, 410 

j position of the several 

parts of, 417 

, suppression of certain 

parts of, 417 

, union of the several 

parts of, 417 
Flowers, axillary, 418 

, central, 421 

, epigynous, 418 

, female, 418 

, hermaphrodite, 418 

, hypogynous, 418 

, lateral, 418 

, marginal, 421 

, neutral, 418 

, pedicellate, 419 

, perigynous, 418 

, scattered, 418 

, sessile, 418 

, terminal, 418 

of sulphur, 207 

Fluids, 20 

, equilibrium of, 52 

Fluor spar, 206, 309 
Fluoride of calcium, 206 
Fluorine, 206 
Flustra, 582 
Flux of the tide, 170 
Fly catchers, 535 

miishrooni, 408 

tribe, 508 

Fly.'Wheel, 44 
Flying lemur, 618 

phalanger, 522 

pike, 553 

squirrel, 523 

Foci of th^llipse, 129 
Focas of a Tens, 96 
Fog, 79 
Foliate, 423 

Food, preservation of, 284 
Fools’ parsley, 455 
Foot, 16 

Foraniinifera, 557 
Force, cupillaiy, 22 

, centrifugal, 85 

, centripetal, 33 

, molecular, 29 

, tangential, 33 

Forcing-pump, 62 



Forces, composition of, n2 

, equilibrium of, 32 

, parallel, 35 

, paralleloj^am of, 32 

Forliculidae, 60*5 
Forget-me-not, 458 
Form and magnitude, 1 5 
Form of minerals, 21)2 
Forms of crystals, funda- 
mental, 293 

of crystals, secoudarv, 

293 

t>f leaves, 402 

Formation, coal, 300 

, diluvial, 371 

Formations, aqueous, • 3 5 3 

, arrangement of, 350 

, igneous, 372 

, Ncptunic, 350, 358 

, Plutonic, 350 

, sjmopsis of, 354 

Formic acid, 201 
Formicida;, 508 
Formula?, chemical, 191 
Fossil botany, 348 

copal, 329 

Fossilifcrous limestone, 303 
Fossils, 347 
Fossorcs, 608 
Fountains, 52 
Fox, 521 
Fox-glove, 459 
Frankfort black, 210 
French glass, 232 
Fresh-water pearl shell, 577 

polypus, 682 

Friction, 40 

Friitional electricity, 1 05 
Frigate bird, 541 
Frigid zones. 161 
Friiigella canaria, 536 

eaiiTiabiiia, 530 

earduelis, 536 

coclcbs, 530 

doniestica, 536 

spiniis, 530 

Fritillaria impcrialis, 404 
Frog tribe, 547 
Fruit, 421 

, anthocarpous, 424 

buds, 410 

, fonnation of, 422 

, gymnospemious, 123 

, inulliple, 421 

Fueus, 409 

Fuels, comparison of various, 
287 

Fulcrum, 36 
Fulica atra, 510 
Fuller’s earth, 238, 341 


Fullers* teazel, 456 
Full moon, 169 
Fulmar arctic, 612 
Fulminating mercury, 208 
Fulminic acid, 209 
Fuming sulphuric acid, 209 
Functions of the cells, 388 

of the leaves, 407 

of the root, 394 

of the stem, 400 

Fundamental forms of crys- 
tals, 293 

rocks, 350 

Fungi, 408 
Fur moth, 566 
Fusee of a watch, 48 
Fuscl-oil, 272 
Fusible alloys, 217, 248 
Fustic, 274 

Fygophyllaceae, 452 j 

Gaubro, 336 
Gad-flics, 568 
Gadidae, 554 
Gadus morrliua, 554 
Galago, 518 
GalanthtLS, 464 
Galactodcndron utili, 401 
Galena, 247, 324 

, argentiferous, 251 

Galeopitliicus, 518 
Galileo, 178 
Galium, 456 
Gall flics, 567 
Gallinaccie, 538 
Galliiiula cliloi*opus, 540 

grex, 540 

Galliiiules, 540 
Galvanic pile, 112 
process, gilding and sil- 
vering by, 255 
Gamboge, 274 
Gannet, 541 

Gaping-billed goatsucker, 535 
Garden orach, 400 

rue, 452 

snail, 576 

spiders, 569 

Gar-fish, 653 
Garlic, 464 

toad, 648 

Garnet, 318 

, precious, 318 

Garnets, 317 
Gas, explosive, 200 

, illuminathig, 219 

, laughing, 204 

of mines, 219 

Gas-works, gasometer of, 
221 


Gaseous bodies, 17 
Gases, 20 

, elasticity of, 50 

, equilibrium of, 50 

, tension of, 66 

Gasometer of gas-works, 221 
Gastcrasteus, 555 
Gasteropoda, 575 
Gavial, 544 
Gecko, 545 
Gelatin, 278 

sugar, 279 

, vegetable, 275 

Gemmule, 425 
Gems, 319 

General properties of cbo- 
mical compounds, 1 'J 1 

of matter, 1 5 

Gentianaceaej,4 5 8 
Gentian family, 458 
Geodes, 297 
Geology, 330 

, definition of, 292 

^ systematic, 349 

Geometrical centre of concave 
mirrors, 93 

tortoise, 513 

German silver, 246, 249 

tinder, 468 

Gennen, 416 
Germinating cells, 408 
Geysers of Iceland, 300 
Giant toad, 548 

wonn, 571 

Gibbons, 517 

Gigartiiia helminthocorton, 
469 

Gilding by the giflvanic pro- 
cess, 253 

Ginger family, 403 
Giraffe, 528 
Girasole artichoke, 457 
Girdle of Venus, 581 
Glance, nickel, 322 
Gians, 423 
Glass, 252 

f etching on, 207 

— . — , painting on, 233 

pearls, 233 

, soluble, 230 

snake, 545 

Glauber’s salts, 231 
Glaucous gull, 541 
Glazing of porcelain, 239 
Globe, celestial, 148 

, terrestrial, 138 

fishes, 552 

Glomerulus, 421 
Glossy-fm", 54 
Glow-worm, 563 



Glue, 278 
Glumacese, 405 
Gluten, 278 
Glutton, 621 
Glycerine, 269 
Gnaphaliuni, 457 
Gnat tribe, 668 
Gneiss, 317, 335, 369 

, conglomerate, 339 

slate, 334 

Gnu, 530 
Goat, 155 
Goats, 530 
Gobies, 555 
Gold, 252, 327 

, amalgamation of, 252 

and silver, natural alloy 

of, 328 

, coinage, 2 ''.6 

, coinage of, 252 

, ductility of, 252 

fish, 553 

leaf, 252 

, mosaic, 249 

, native, 327 

pheasant, 538 

, separation of, 252 

Golden beetles, 564 

eagle, 634 

hammer, 530 

plover, 540 

G<.l(irn:oh, 536 
Goldsnvth, 

Good conductors of heat, 87 
Goose, 5^12 

Gooseberrj' family, 451 
Goose-'" ot family, 460 
Gorgor^a, 582 
Goshawk, 534 
Gosanders, 542 
Gossamer spider, 569 
Gossypiiim, 451 
Goulard’s extract, 260 
Gourd, 454 

Graduating works of salt _ 
mines, 231 ! 

Grafluation of thermometers, 
72 

Grafting, 411 
Grallatorcs, 539 
Gramincaj, 466 
Gramme, 26 
Granite, 335 

group, 373 

Granulite, 335, 374 
Grape hyacinth, 461 

, preparation of from 

starchy 265 

sugar, 266 

vine, 462 
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Graphic granite, 335 

telluriumj 328 

Graphite, 217, 305 

, artificial preparation of, 

217 

Grass family, 466 
Grass-frog, 647 
Grasshoppers, 565 
Grave-digger, 563 
Gravel, 340 
Gra\ntation, 20 
Gravity, 19, 20, 22 

, centre of, 39 

, law of the decrease of 

the force of, 23 
Gray baboon, 617 

clay, 238 

copper ore, 323 

linnet, 636 

parrot, 537 

ptarmigan, 538 

rat, 530 

turtle, 544 

'iTilture, 534 

Grajding, 553 
Great auk, 541 

ant-eater, 524 

bat, 519 

Hear, 153 

bustard, 539 

circle, 128 

nortnern diver, 541 

reed rnace, 4G5 

sea eagle, 534 

sturgeon, 551 

wheel (clockwork), 50 

( Ireen bottle glass, 232 

chafer beetle, 

earth, 320 

finch, 536 

fire, 237 

glass, 233 

ironstone, 320 

legged moor-hen, 5 1 0 

lizard, 645 

monkey, 517 

sand. 366 

sandstone, 339 

, Schweinfurt, 247 

shanks, 540 

turtle, 514 

vitriol, 245, 320 

woo^l-pecker, 537 

Greenland or Ilaij seal, 530 

whale, 531 

Greenstone, 335 

group, 375 

Oremit, 458 
Grclscii, 335 

Grcywackc, 339, 360 , 


Grobknik, 367 
Grossulariaccsc, 454 
Grotto del Game, 218 
Groups, compound, 192 

, simple, 192 

, peculiar dccomposilion 

of simple chemical, 253 
Grove’s battery, 115 
Gmss, 340 
Gryllidac, 665 
I Guaiacum family, 462 

officinjile, 462 

Guanaco, 528 • 

Guava, 454 
Gudgeon, 553 
Guillemot, 641 
Guinea com, 466 

lien, 53i‘. 

water lily, 450 

Guinea-pig tril)e, 524 
Guinea-worm, 578 
Gulls, 511 
Gum, 26r 

ammoniac, 456 

Arabic, 453 

y Babool, 453 

, Barbary, 4 53 

, clierry, 275 

Senegal, 453 

, tragacanth, 275 

, Kast Indian, 453 

Guii, air, 5 

cotton, 275 

metal, 216 

Gunpow'dcr, 229 
Gumardc, 655 
Gutta percha, 273 
GjTnnospernia^, 462 
Gymnospermous fruit, 423 
Gymnotus electricus, 555 
Gypietos barbatus, 534 
Gypogeraiius sccrctanus, 534 
Gypsum, 265, 3U9 
Gyr, 534 
Gyrophora, 4C8 

IfADDOCK, 554 
llwmatite, fibrous, 320 

y red, 319 

llaunatopus ostralcgus, 510 

rufipcs, 540 

Hag, 552 
Hail, 80 

Hair or capillary tubes, 22 

Hair-grass, 466 

Hake, 554 

Halicorc, 532 

llaloidsj 225 

Haloid salts, 225 

Halos, 102 



Hammcr-hcadcd shark, 550 
Hamster, 523 
Handfsh, 555 
Hardness of minerals, 299 
Hard soap, 270 

water, 201 

Hare tribe, 523 
llarmotome, 315 
Hartshorn, 233 

, spirit of, 2.^S 

] I arvcst-i nan, 5 7 0 
H ar\' est-mouse, 5 2 3 
Haiissinannite, 321 
II a ny no, 317 
Haw lish, 53G 
Hawk, 531 
Hawk-moth. bCG 
TTawksIjill turlk 51.4 
Hawthorn, 451 
Hazel, 4i;2 

tcvoiiso, 038 

v/ort , 4 ti I. 

Tl..*;triii^-1ninipi.‘l, 70 
1 ease, 451 
’.'•at, 1.4, 3, 70 1 

— .ri„5v of, on mincra.h, 

. <.‘onu‘...e'’ 80 

'’ inflect von of, fs7 

. d5 ''.ribiiti )ii of, on the 

unrfjH- f the eartli, 90 
. « ■xpaiiJ' .» by, 71 

, ki.t/iit, 81* 

. • itrvJon of, 87 

._ .‘oUeotioii of, 88 

joiVaetioii of, 8S 

, iransniission of, 87 

O.tiiilv, 457 

1 j;l;. 53(; 

4 GO 

Hv-atlur, 457 

IJeave.'ily» i)odii'S, ajvparciit 
inotkni of, 140 * 

, elassilicatioii of, 151 

, distance of, 134 

, magnitude of, 13 4 

Heavens, division of, 139 
Heavy metals, 226, 319 

spar, 23G, 311 

II(?(lgo-hog, 5 1 !) 

lish, 552 

Ilc'ights, determination of, by 
barometer, 69 
Ileliniitlioida, 582 
llelianthiis, 457 
Uclicime, 67G 
Hellebore, 4C5 
, black, 460 

Ildmot shell, 576 

lleniidesinus mdicus, 458 


Hcmihcdral forms of crystals, 
294 

Hemiptera, 564 
Hemlock, 455 
Hemp-plant, 4G1 
Henbane, 459 
Hepatic cinnabar, 326 
Hermit crab, 658 
Herons, 639 

Ilerpestes ichneumon, 521 
Herring, 553 

gull, 541 

Hesperidium, 423 
Heteromera, 5G3 
Ileteroptera, 564 
Hexagonal dodecahedron, 
296 

, system of crystals, 206 

I lighly elastic, bodies, 1 9 

II i ppocai..pus, 5 ' 3 

Ilijipomanc manciiinella, 4G1 
Hippopotamus, 52*- 
llippuritcs organi . s, 360 
Il'viiilu medie' nails, 571 
Ilinmdo es^*uh 535 

Histrix cristate, t 

lli\ e bees. 56 
Iloiir-frost, 80 
Hog, common, 526 
ITolK'w miiTors, 

TIollyliock, 451 
Holophytes, ir*. 

Holothiiria, 58^ 

IT ovnogeucoiis, • * do i o -ks, 

334 

Hoinoptcra, 564 
Honey cups, 418 

guide, 537 

, stone, 329 

I lone} suckle family, J * G 
Iloodcil crow, 536 

snake, 546 

Hoopoes, 536 
Hopner (flour mill), 4(’» 
Hop-plant, 461 
Horary circle, 150 
Horizon, apparent, 1 10 

, real, 140 

of astronomy, 140 

Honibill, 636 
lloniblende, 314 

, slate, 334 

Horn silver, 327 

, stone, 307 

Homed frog, 548 
Hornet, 568 
Horse-lcech, 572 
Horse-radish, 640 

Horse-slioe bats, 519 

llorsG-tuil family, 467 


Horse-tribe, 627 
House swallow, 535 
Howling monkey, 617 
Humble bees, 668 
Humboldtite, 329 
Hummhig-bird hawk-moth, , 
666 

Humming birds, 536 
Humor vitreus, 98 
Humulus lupulus, 461 
Humus, 284, 341,431 
Hunting sjjiders, 669 
Ilyacinth., 319,464 
Ilyacintlius orientalis, 464 
Hyades, 154 
Hydra viridis, 682 

fusca, 682 

Hydrate of lime, 234 

of pota^a, 228 

of protoxide of copper, 

247 

of protoxide of iron, 

244 

of sesquioxide of iron. 

214 

^^^.ated arseniate of cobalt, 
"21 

oxide of niaii^anese, 

321 

phosph'^ric acid, 211 

sesquioxide of iron, 320 

suli '‘uric acid, 208 

ITydralcs, 20^ 
i IlydrfiuHc moitar, 23*. 

p^css, o3 

II^ • borncitc, 312 
Ilyd’ Ineru;- 21 
Hydrochloric acM, 205 
Hydrocyanic acid, 223 
Hydrofluoric add, 207 
Ilyibrogeii, l9o 

, absoiq)lion of, 433 

acids, 195 

, carbid ' uf, 219 

, compoiiiids of. 109 

, plio.^phurotioil, 2^2 

Ilydroida, 582 
Hydrometers, 55, 268 
Ilydroinc^^vida', 661 
Ilydrophane, 308 
Hydrophilus piceus, 663 
Hydrostatic acaliphfe, 681 
Hydrostatics, 52 
Uydrosulphuric acid, 210 

f influence of, iqvon heavy 

metallic oxides, 210 
n3'enay 522 
Il 3 dobatea lar, 617 
Hsmientoptera, 5d7 
Hyoscyamus, 459 
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H^T)ersthene, 313 
Hyssop, 459 

Ibis, 539 

religiosa, 539 

Iceland falcon, 534 
— — , geysers of, 3G9 

moss, 468 

Ichneumon, 521 
Ichneumoidse, 567 
Ichthyosaurus, 644 
Idocrase, 318 

Idols, Chinese, carved out of 
clav-stone, 316 
Idrialite, 329 
Ignatia amare, 458 
Igneous formations, 372 
Iguana, 545 
Illuminating gas, 219 
Ilyria scytale, 5*46 
Imago, 561 
Images, dispersing, 95 

, magnified, 94 

Impenetrability, 15, 16 
Inch, 16 
Inclination, 118 
Incommensurable distances, 
131 

Increase and reproduction, or- 
gans of, in plants, 408 
Indelible ink, 252 
Indestructibility of matter, 
187 

Indian butfalo, 630 
Indian-fig family, 454 
Indian turtle dove, 538 
India-rubber, 273 
Indicator, 537 

Indifferent substances, 192, 
264 

, nitrogeneous, 276 

Indigo, 274 
Indigoferse, 453 
Indistinctly mixed rocks, 340 
Induction, magnetism by, 116 
Inertia, 15, 29 
Inferior culmination, 149 

planets, 175 

Inflorescence, 418 

, axillary, 419 

^ indefinite, 419 

Infusoria, 583 

, beds of, 370 

Inba&tion, 61 
Ink, 261 

indelible, 252 

j marking, 252 

spots, removal of, 236 

, sjrTnpathclic, 426 

Inorganic substances, 291 


Inoculation, 410 

with the dormant eye, 

411 

Insects, 559 

f classification of, 662 

Inscssores, 535 
Instrument, angle, 126 
Insulators, 106 
Intercellular canals, 302 
Interference of wave sys- 
tems, 66 

Intermediate wheel (clock- 
work), 60 

Internal and external struc- 
ture of plants, 385 

structure of rocks, 342 

stnietureofthestem, 396 

Intestinal worms, 678 
invertebrata, 556 
Involucel, 421 
Involucre, 419 
Iodide of nitrogen, 206 

of silver, 252 

Iodine, 206 
Ipecacuana, 456 
Irregular cells, 387 
Iridacesp, 463 
Iridescence, 299 
Iris family, 463 

fiorentina, 463 

germanica, 463 

, pscudacorus, 463 

pumila, 463 

Irish moss, 469 
Iron, 241, 319 

, arsenical, 320, 326 

, bisulphide of, 214 

, carbonate of, 245, 320 

, chloride of, 244 

, chrome, 320, 325 

, combinations with sul- 
phur, 320 

, compounds of, 244 

, cyanide of, 244 

, detection of, in liquids, 

261 

glance, 319 

, hydrated sesquioxide, 

320 

, magnetic, 319 

, meteoric, 319 

f micaceous, 319 

, native, 819 

phosphate of sesquioxide, 

320 

, protoxide of, 244 

, pyrites, 244 

, sesquioxide of, 244 

, sulphate of, 246 

, sulphide of, 244 


Iron, varieties of, 242 
Iron-ore, blue, 320 

, bog, 369 

, brown, 320 

,pca, 320 

Iron, oxalate of, protoxide of, 

— , pyrites, 320 

— pyrites, magnetic, 320 

— pyrites, nickel, 322 

— sesquioxide, 319 
Ironstone, brovm, 244 

— , chrome, 249 

— , clay, 320 

» green, 320 

, red, 244 

j spathic, 320 

Isishippuris, 582 
Isomorphism, 315 
Isopopa, 558 
Itacolumite, 334 
Itch acarus, 570 
lulus, 559 
Ivory black, 217 

Jackal, 521 
Jack-daw, 636 
Jacob’s staff, 155 
Jagua, 522 
Jalap-plant, 468 
Jalap resin, 273 
Jamesonite, 324 
Janiplia manihot, 461 
Japanese wax, 271 
Jasminacese, 457 
Jasper, 224, 307 
Java roiiscttc, 519 
Jay, 535 
Jelly-fish, 581 
Jcmlah ibex, 530 
Jerboa, 523 
Jessamine, 457 
Jonquil, 464 « 

Julians regia, 452 
Jujube, 452 
Juiiq)cr, 462 

oil, 272 

Junx torquilla, 537 
Jupiter, 177 
Jupiter's moons, 177 

satellites, 117 

Jura, 364 

Jussieu's system, 448 

Kaleidoscope, 93 
Kangaroo, 522 
Kangaroo-hare, 522 
Koola, 522 
Kaolin, 316 
Kepler's laws, 179 
Keratophites, 581 
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Kieselguhr, 370 
Kiln, lime, 234 

, potters*, 239 

Kilogramme, 27 
King of the herrings, 552 
Kiiigstcin, 337 
Kokolite, 313 
Krakcn, 675 
Kupfer nickel, 321 
Kyanizing of wood, 409 
process, 251 

I-iAniATiB, 459 
Labradorite, 317 
l^abunium, 453 
Lacertidse, 545 
Lady-bird 564 
Lady’s hair, 407 

slipper, 463 

Lsemodipeda, 559 
Laltes, 238 
Lamantin, 532 
Lamb’s lettuce, 456 
Lamium album, 400 
Lammergeier, 534 
Lanipmy, 552 
Lamprillon, 552 
Lancc-lieadcd vipers, 547 
Land-rail, 540 

toad, 548 

tortoise, 543 

l^aiileni, magic, 98 
LapiUi, 338 
Lapis lazuli, 240, 317 
Lap-wing, 540 
Larch, 402 
l^arix Europa^a, 402 
Larksjpur, 450 
T.arus argentatus, 512 

glaucus, 541 

Larva, 561 

i.astroa liliif-mas, 4G7 
Latent heat, 89 
Lateral bnds, 409 
Latex, 390 
Laticiferoiis cells, 390 
Latitude, 138 

, circles of, 138 

, degrees, of, 138 

, parallels of, 138 

l.aughing-gas, 204 

turtle dove, 638 

Lauraceaj, 460 
Laurel family, 460 

water, 223 

J-aurus cinnamommn, 460 

cainphora, 400 

csissin, 460 

nobilis, 400 

Lava, 338, 361 


Lavarets, 553 
Lavender, 400 

oil, 272 

Lavendula vera, 400 
Law of Archimedes, 55 
of expansion and elas- 
ticity, 66 

of reflection of light, 93 

Layers, annual, 399 
LazuUte, 317 
Lead, 247, 324 

, acetate of, 259 

and antimony, sulphide 

of, 324 

, binoxide of, 324 

, carbonate of, 248, 324 

, chloride of, 324 

, chromate of, 249 

, chromate of, 824, 325 

colic, 247 

glass, 232 

, native, 324 

, ochre, 324 

ore, white, 324 

plasters, 270 

, protoxide of, 248 

, sugar of, 200 

-j sulphate of, 324 

, sulphide of, 324 

, white, 248 

Leaf gold, 252 

, spurous, 246 

green, 274 

silver, spurious, 248 

Leaping spider, 509 
Leather, 279 
Leaven, 281 
Leaves, 401 

; , forms o^ 402 

, functions of, 407 

Lecandra tartorea, 403 
Leech, 671 
Leek, 464 
Legume, 423 
Leguminosae, 453 ' 

Lemming, 523 
Lcmnian earth, 316 
Lemon, 452 
Lemon-oil, 272 
Lemur, white-fronted, 518 
Lemuridas, 617 
Lemurs, 617 
Length, measure of, 1 5 
Lens, ciystallhie, 98 

, focus of a, 96 

Lenses, 96 

f double convex, 96 

licntil, 453 
Leopard, 522 
Lepidolite, 319 


j Lepidoptera, 565 
Lepidosiren, 548 
Lepisnudse, 562 
Leporidae, 623 
Lepus caniculus, 523 

timidus, 623 

Lettuce, 457 
Leucitc, 317 
Leucite lava, 338 
Leucojum, 464 
Leucom, 265 
Lever, 37 

, equal-armed, 37 

, single-anned, 37 

, unequal-anned, 37 

Leyden jar, 108 
Lias, 865 
Libellulids, 565 
Lichen family^ 408 
Light, 19, 65, 91 

, absorption of, 92 

, chemical decomposition 

by, 255 

, decomposition of, 103 

, law of reflection of, 93 

, reflection of, 92 

, refraction of, 95 

, refrangibility of, 103 

, sources of, 91 

, velocity of, 92 

, white, 103 

metals, 308 

Lightning-conductors, 111 

, sheet, 111 

Lights, northern, 119 
Ligneous stems, 390 
Lignum vitae, 452 
Lilac, 45S 
Liliacese, 464 
Liliuin camlidum, 40 

martogon, 404 

Lily family, 464 

of the valley, 464 

stars, 580 

Limb of the angle instru- 
! ment, 126 
Lime, 234 

y carbonate of, 234, 310 

, caustic, 234 

, chloride of, 236 

glass, 232 

, hydrate of, 234 

, hypochlorite of, 236 

kilns, 234 

, milk of, 234 

, phosphate of, 235 

, silicate of, 236 

, slaked, 234 

, soap, 270 

I i sulphate of, 235 
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Limestone, carboniferous, 362 

y tibrous, 311 

, fossiliferous, 363 

, mountain, 362 

, nummulitic,' 366 

Limestones, 235 
Lime water, 234 
Limpet, 676 
Limulus, 559 
Linaceae, 452 
Linaria, 459 
Line, meridional, 147 
Lines, 16 
Ling, 457, 554 
Linguatula Isenioides, 578 
Liniuean system, 444 
Linseed, 275 

oil, 452 

Linuin usitatissjmum, 452 
Lion, 155, 522 
Liquefaction of carbonic acid, 
219 

Liquid bodies, 17 
Liquids, detection of iron in, 
261 

Liquorice, 453 
Liriodendrou tulipifcra, 460 
Litharge, 248 
Lithomarge, 316 
Lithophytes, 681 
Lithospermum inaritimum, 
458 

Litmus, 468 
Little Bear, 153 
Little lama, 528 
Liver of sulphur, 228 
Idver ore, 326 
Lizard tribe, 544 
Llamas, 528 
Loach, 553 
Loadstone, 116 
I^am, 238, 316 
Lobsters, 558 
Lob- worm, 571 
Locomotives, 84 
Locusts, 565 
Loganiaceae, 458 
Lolium perenne, 466 

temulentum, 466 

Long axis of the ellipse, 129 
Long-eared bat, 619 

owl, 635 

Long-sightedness, 100 
Long-tailed held mouse, 523 

monkey, 517 

Longitude, 138 
Lophiadae, 555 
Lophobranchii, 552 
Loricati, 644 
Lories, 537 


Loris, 518 
Loss, 372 
Lotus dower, 450 
Louse tribe, 562 
Love apple, 459 

birds, 537 

Lower new red sandstone, 
360 

Loxia curvirostra, 536 
Lucifer matches, 211 
Lucem, 453 
Lucina, 677 

Lumbricus terrestris, 571 
Luminous bodies, 92 

ga;, 220 

Lunar caustic, 252 

eclipse, 172 

y partial, 172 

, total, 172 

Lupinus, 453 
Lurkers, 542 
Lustre, metallic, 225 
Lustre of minerals, 208 
Lychnis, 461 

Lycopersicumesculentum, 459 
Lycopodiaccas, 467 
Lymnaea stagnalis, 576 
Lynx, 522 
Lyra, 154 
Lyre-tail, 638 

Mace, 460 
Maccaws, 537 
Machine, centrifugal, 35 
Machines, compound, 41 

, electrifying, 109 

, medico-galvanic, 113 

, simple, 41 

Mackerel, 555 
Madder, 274 
Madder family, 456 
Madrepora muricata, 371 
Madrepores, 582 
Magic lantern, 98 
Magnesia, 237 

, calcined, 237 

, carbonate of, 237 

, sulphate of, 237, 312 

Magnesite, 312 
Magnesium, 237, 312 

, chloride of, 237 

, oxide of, 237 

Magnet, artificial, 116 

, equator of the, 116 

Magnetic attraction, 116 

current, 117 

iron, 110, 319 

iron pyrites, 320 

meridian, 117 

needle, 116 


Magnetic poles, 116 

repulsion, 116 

Magnetism, 19, 115 

by induction, 116 

Magnetism and electricity, 
comportment of minerals 
with, 299 

Magnified images, 94 
Magnitude, actual, 131 

and fonn, 15 

, apparent, 131 

of the earth, 137 

of the heavenly bodies, 

134 

Magot, the, 517 
Magpie, 536 
Maia, 558 
Maiden hair, 467 
Maize, 466 
Malachite, 323 
Malacopterygii, 553 
MalapteriLs, 554 
Millard, 542 
Malay race, 516 
Male shield fcni, 467 
Malic acid, 260 
Mallow family, 451 

, common, 451 

IMalotus, 553 
Malt, 278 
Malvaccro, 451 
Mammalia, 513 

, classiticalion of, 514 

Manatiis, 532 
Manchineel, 461 
*AIaiidrill, 517 
Manganate of potassa, 245 
Mangaiicse-alum, 315 

, binoxide of, 321 

Manganese, 215, 321 

, binoxiile of, 215 

— , blende, prismatic, 321 

, carbonate of, 321 

, hydrated oxide of, 321 

, protosesquioxide of, 32 1 

, protoxide of, 245, 321 

, red, 321 

, silicate of, 321 

, sulphate of, 321 

Manganite, 321 
Mangold ^vu^zel, 460 
Manioc plant, 461 
Manis, 524 
Man-of-war bird, 541 
Manna, 458 
Mantidfle, 565 

Manufacture of gunpowder, 
229 

Manure, 438 
Maple family, 452 



Maranta arundinacciei 463 

j indica, 463 

Marantaceae, 463 
Marble, 235, 311 
Marine snakes, 546 

tortoise, 643 

Maijorain, 459 

Markinj;r ink, 252 

Marl, 311, 316 , 

Marmot, 523 

Marmozct, 517 

Mars, 177 

Marsh-gas, 219 

Marsh-mallow roots, 275 

Marsh mallow, 451 

tortoise. 

Marsh-trefoil, 458 
]\Iarsii])ialia, 522 
Martagon lily, 464 
Marten, 521 ! 

Martin, 535 
]Mass of a body, 26 

of the sun, 157 

Massive rocks, 344, 372 
Mastic, 273, 452 
Matches, lucifor, 211 
Matter, gencnd properties of, 
15 

, indestnictibility of, 187 

, arrangement of the par- 
ticles of, 20 

I^Iattcrs, colouring, 274 
iSIeadow fox-tail, 466 
Meadow-grass, 466 
Meadow-salFron, 465 
Meal mites, 570 

, mountain, 308 

Mea» temperature of the dav, 
90 

of the month, 91 

of the year, 91 

veloflty, 30 

Measure of length, 15 
Pleasures, comparison ot^ 16 

, decimal, 16 

, duodecimal, 16 

Mv‘asiiring of angles, 133 
Mechanically mixed rocks, 
338 

Mechanics, 41 
Medick, 463 

Medico-galvanic machine, 113 
Medusa, 581 
Meerschaum, 313 
Megaderms, 519 
Melanthaceae, 465 
Mclaphyr, 336, 376 
Mcleagris gallopavo, 538 

humida, 638 

Melasoma, 663 
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I Mclilot, 458 
Melissa oflicinMls, 459 
MeUitc, 329 
McUitic acid, 329 
Mclolontha vulgaris, 563 
Melon, 454 
Mensuration, 130 

, trigonometrical, 133 

Mentha, 459 

Mercury (Astron.), 176; 

(Chem.), 250 
Mercury, 326 

, chloride of, 251 

, native chloride of, 326 

, chromate of, 250 

compounds, 250 

, fulminating, 268 

, subchloride of, 251 

, sulphide of, 251, 326 

Mergansers, 642 
Meridian, 142, 146 

, magnetic, 117 

Meridians, 138 
Meridional line, 147 
Merlin, 644 
Meropidaj, 536 
]Mes<)carp, 422 
Mesotype, 315 
Metallic acids, 225 

oxides, properties of, 2*^6 

lustre, 225 

suli)hidcs, properties of, 

226 

IMetalloids, minerals of, 304 
Metals, 184, 226 

, classification of, 22G 

, common, 226 

, compressibility of, 18 

, ductility of, 17 

, heavy, 226, 319 

, light, 309 

, minerals containingjO 08 

, noble, 226 

of the alkaline earths, 

226 

of the earths proper, 2 26 

^letcoric stones, 319 
Meter, 15, 130 
Idothod of comparing the co- 
hesion of dilferent bodies, 
21 

Mezercon, 460 
Mica, ^18 

, porjAyry, 336 

, potassa, 318 

, rose, 319 

slate, 358, 334 

Micaceous iron, 319 
Microscope, 98 
Mid-day, 142 


Migratory birds, 632 

rat, 523 

Milfoil, 457 
Milk, 278 

glass, 232 

of lime, 234 

of sulphur, 1 52 

, sugar of, 266 

Milk- vessels, 390 
Milky Way, 152 
Millimeter, 15, 17 
Milliped, 559 
hlincral chamclinn, 245 

constituents of plants, 

absorption of, 435 

j or Persian naphtha, 329 

springs, 201 

Mincralt)gicai description of 
rocks, 332* 

5Iineralogy, definition of, 291 
Minerals, action of heat on, 
300 

, amorphous, 297 

, chemical properties of, 

300 

, classification of, 292 

, doavage of, 297 

, colour of, 299 

, comportment of, with 

electricity and mag- 
netism, 299 

comportment of, with 

light, 298 

containing metals, 308 

, description of, 304 

, fonns of, 292 

, fractures of, 297 

, hardness of, 297 

, lustre of, 298 

, mixed, 292 

, odour of, 299 

of the metalloids, 304 

of organic compounds 

328 

, physical characters of, 

297 

f refracting power of, 298 

, second onler of, 319 

, simple, 292 

, specific gravity of, 298 

, taste of, 299 

, touch of, 299 

idtning, 380 
Miniiun, 248, 324 
Mint, 459 

Minute wheel (clockwork), 50 
Minutes, 125 
Mirage, 101 

Mirror, concave, or hollow, 
93 

2 K 
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Mirror, dispersing, 95 
■ . ■ ■ , opti^ centre of a con- 
cave, 93 

, radius of a concave, 93 

Mirrors, geometrical centre of 
concave, 93 i 

f optical axes of concave, 

93 

Mispickel, 320 | 

Mistel-thrush, 535 
Mites, 570 < 

Mitsclierlich's syphon, 64 
Mixed minerals, 292 
Mixed rocks, 333, 334, 338 
Mock moons, 102 

suns, 102 

Mocking bird, 535 
Modem planets, 175 
Moist way, inviestigation of 
minerals in tlie, 300 
Molasse, 367 
Molasses, 2G5 
Mole, blind, 520 

, common, 619 

cricket, 563 

Molecular force, 29 

motion, 29 

Molecules, 17 
Mollusca, 572 
Momentum, SO 
Monads, 583 
Mongolian race, 516 
Monitors, 544 
Monochlamydese, 460 
Monocotyledones, 462 
Monocotvledonous plants, stem 
of, 397 

Monoculus, 559 
Monodon, 531 
Month, 163 

, mean temperature of, 

91 

Moon and earth, 166 

, apogee of the, 167 

, diameter of the, 166 

, distance from the earth, j 

166 

, eclipse of, 172 

, mountains of the, 167 

, nodes of the, 168 

, orbit of the, 167 

, perigee of the, 167 , 

, periodicity of the, 168 

, quadratures of the, 169 

f surface of the, 167 

Moons of Jupiter, 177 
Moonstone, 317 
Moor-hens, 540 
Morass ore, 82Q 
Morchella esetuenta, 468 


INDEX. 

I Moreic, 4 61 
More^ 468 
I Morning red, 103 

star, 176 

Morocco leather, 279 
Morphia, 450 
Morphine, 263 
Morse, 531 

Mortar, hydraulic, 236 
Mortars, 234 
Moms nigra, 461 
Mosaic gold, 249 
Moschus moschiferus, 529 
INIosquitos, 568 
Moss, carrageen, 275 
Moss, carragheen or Irish, 469 
Moss, Corsican, 469 
Moss family, 467 
Moths, 566 

Motion and equilibrium, 19, 
28 

, apparent, of the hea- 
venly bodies, 140 

laws relating to, 29 

, molecular, 29 

of the eiirth and appa- 
rent motion of the 
sun, 163 

, transmission of, 41 

, undulator^’’, 65 

, velocity of the earth’s 

orbitual, 157 
Moufflen, 530 
Mountain arnica, 457 

cork, 314 

limestone, 362 

meal, 308 

rat, 523 

taUow, 329 

wax, 329 

Mountains of the moon, 1 67 
Mouse-coloured bat, 519 
— , common, 523 
— , harvest, 523 

, family, 518 

Moveable quadrant, 127 
Mucilage, vegetable, 275 
Mugil ccplialus, 556 
Mulberry tree, 461 
Mule,' 527 
Mullein, 459 
Mullet, 466 

, red, 555 

Mullus surmuletus, 555 
Muraenidae, 554 
Muricidac, 576 
Muridae, 518, 528 
Mus ampbibius, 528 

busarius, 523 

— — cricetus, 523 


I Mus decumanus, 62 

musculus, 523 

Musa paradisaica, 463 

textilis, 463 

Musaceae, 463 
Muschelkalk, 363 
Musci, 467 
Muscidae, 568 
Muscovy duck, 542 
Museum beetle, 563 
Mushroom family, 468 
Musical notes, 68 
Musk-deer tribe, 529 

ox, 530 

rose, 453 

Mustard -seed, 451 
IVlustela enninea, 521 

martes, 521 

vulgaris, 521 

zibclliiiii, 521 

IVIutual attraction, 19 
Mya margaritifera, f>77 

picttjrum, 577 

Mygalc, 669 
Mylitus, 577 
IMyosotis palustris, 458 
Myriiipodse, 559 
Myrica cerifera, 462 
Myricin, 271 

ISI^nistica oflicinalis scu mos- 
chata, 460 
Myristicea, 460 
MjTmecopiiaga, 524 
Myrmeleonidte, 565 
Myrrh, 274, 453 
Myrtacea>, 454 
Myrtle family, 454 
Myxiiiae, 552 

Nadir, 139 
Naga, 546 
Nageldiih, 367, 339 
Naieds, 571 
Naphtha, 289 

, mineral or Persian. 

329 

Naphthaline, 288 
Narcissus jonquilla, 464 

poeticci, 464 

pscudonarcissiLs, 4 04 

Narwhal, 531 
Natantes, 569 
NatutoreSf 541 
Native antimony, 325 

arsenic, 326 

bismuth, 323 

chloride of mercury, 326 

c'opiMsr, 322 

gold, 327 

iron, 319 



Native lead, 324 

sulphur, 207 

silver, 326 

Natrolitc, 316 

Natural alloy of gold and sil- 
ver, 328 

cinnabar, 326 

products of distillation, 

289 

system, 448 

Naucrates ductor, 555 
Nautilus pompllius, 575 
Naviciila, 583 
Nectaries, 418 
Needle-iish, 558 

, magnetic, 116 

ore, 323 

Negative electricity, 107 

])ole, 112 

Negro race, 516 
Nepheliiie, 317 
Nepidic, 5G4 

Neptunic formations, 350, 358 
Nereid le, 570 
Nerve, optic, 00 
Nettle family, 161 
Neuroptera, 565 
Neiiroi^teris loshii, 301 
Neutral I'-odicsi, 101, 192 

electricity, 107 

New moon, 160 
New Zealand llax, 401 
Newt, 518 
Newton, 179 
Newtonian laws, 179 
Nickel, 2-h‘), .‘»21 

, antimonial, 322 

— 5--, arfseniate of, 322 

glance, 322 

iron pyrites, 322 

, kiiyfcr, 321 

ochre, 322 

pyrites, antimonial, 322 

pyrites, bismuth, 322 

, red arsenical, 321, 326 

, salts of, 210 

, sulpliide of, 321 

, white arsenical, 322, 

320 

Nicotiana, 459 
Nigella, 450 
Nightingale, 535 
Nipjhlshadcj 459 

family, 458 

Nipple shell, 576 
Nitrate of baryta, 237 
— of potassa, 229, 309 

of silver, 251 

of soda, 229, 309 

Nitre, 309 

• 
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Nitric acid, 202 
Nitrogen, 202 

, ahsoq)tion of, 434 

, bicarbide of, 222 

, binoxide of, 203 

, compounds of, 202 

, iodide of, 206 

, protoxide of, 203 

Nitrogenous carbon, 216 

indifferent substances, 

276 

Nitrous acid, 203 
Noble hart, 529 

metals, 226 

Noctiia brassica, 566 

fraxina, 666 

pinsporda,' 566 

sponsa, 506 

Nocturnal arc, 142 

phenomena, 144 

Nodal lines, 66 

point, 69 

Nodes, 66 

of the moon, 168 

Non-conductors of electricity, 
106 

Noil-clastic bodies, 1 9 
Non-elcctric bodies, 106 
Non-luminons bodies, 92 
Non-metallic elements, 1^*4 
Non-nitrogenous indifferent 
substances, 204 
Noon circle, 146 
Nordhausen sulphuric acid, 
210 

Normal fonnations, 358 
North, 142 
Northern auk, 541 

Lights, 119 

Norway rat, 523 
Nose-leaf bats, 519 
Notes, musical, 68 
Notidamus, 550 
Numniulitic limestone, 366 
Nut, 423 

weevil, 563 

Nuthatches, 535 
Nutmeg family, 460 
Nutrition, organs of, 393 

of plants, 428 

Nux vomica, 458 
Nyl-gliau, 530 
Nymph aca alba, 450 
Nymplueaceaj, 450 

Oak, 462 
Oak, yellow, 274 
Oats, 466 
Object-glass, 98 
Oblique plane, 33 
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Obsidian, 317 
Obstetric toad, 548 
Ocelot, 522 

Ochre, antimonial, 325 * 

j bismuth, 323 

, chrome, 325 

, lead, 324 

, nickel, 322 

, yellow, 316, 320 

Octahedron, quadratic, 294 

y regular, 293 

, rhombic, 295 

Octopus, 574 
Oculiua hirtella, 371 
Ocymum, 469 
Odour of minerals, 299 
Oil of aniseed, 272 

of bays, 460 

of bcr^iniot, 272 

of bitter almonds, 272 

cakes as manure, 139 

of chamomile, 272 

of cinnamon, 272 

of cloves, 272 

of cumin, 272 

of fennel, 272 

of juniper, 272 

of lavender, 272 

of lemon, 272 

of orange-iiower, 272 

of peppermint, 272 

of roses, 272 

of turpentine, 272 

Oils, drying, 270 

, ethereal, 271 

1 various, 269 

, volatile, 271 

Oleliant gas, 2*22 
Oleic acid, 209 
Oligoklase, 317 
Olive fiimily, 457 
Olwa, 576 
Onager, 527 
Onion, 164 
Oolite, 311 
Opal, 308 
Opalescence, 299 
Opalescent glass, 233 
Opaque glass, 233 
Ophidia, 546 ' 

Ophissaurus, 546 
Ophite^ 313 
Opium, 274, 450 
Opposition, 169 
Opossum, 522 
Optic nerve, 99, 

Optical axis of a concave mir- 
ror, 98 

- — centre qf a concave mir- 
ror, 98 
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Opuntia cochinellifera, 454 
Orang-outang, 617 
Orange, 452 

family, 451 

Orange-flower oil, 272 
Orbit of the earth, 157 
Orbits of the planets, 174 
Orbitual motion, velocity of 
the earth's, 157 
Orchidcaceee, 463 
Orchil, 468 
Orchis mascula, 463 

militaris, 463 

Oic, azure copper, 323 

Fahl, 323 

, fibrous tin, 324 

, gray copper, 323 

, liver, 326 

, morass, 320 

, needle, 323 

, white lead, 324 

Organic acids, 259 

bases, 262 

chemistry, 256 

compounds, 257 

Organic compounds, minerals 
of, 328 

, peculiar decompo- 
sitions of, 279 
Organ-pipe coral, 582 
Organs of increase and repro- 
duction in plants, 408 

of nutrition, 393 

Origanum vulgarc, 459 
Origin and structure of the 
crust of the earth, 349 
Oriolus galbula, 535 
Orion, 165 
OniithogaJiun, 464 
Omithor^r'uchus paradoxus, 
525 

Omus, 458 
Orpiment, 213, 326 
Orris root, 464 
Orthagoriscus, 652 
Orthoceras lateralis, 362 
Ortlioptera, 564 
Ortolan, 536 

Oscillations of the pendulum, 
25 

— , diflerent at different 
parts of the eartli, 25 
Osprey, 534 
Ostracions, 552 
Ostrea edulis, 577 
Ostrich, 538 ' 

Ostropoda, 559 
Otaria jubata, 531 
Otidse, 539 
Otolienus, 518 


Otter, 621 
Otto of roses, 272 
Otto von Guericke, experi- 
ment of, 61 
Ovary, 416 

, bilocular, 422 

, multilocular, 422 

, unilocular, 422 

Ovis aries, 530 

steatopyga, 630 

Ovula, 676 
Ovule, 424 
Owl tribe, 534 
Ox tribe, 530 
Oxalate of potassa, 260 
Oxalate of protoxide of iron, 
329 

Oxalic acid, 260 
Oxalis acetoscUa, 4C0 
Oxidation, 196 
Oxide of calcium, 234 

of cobalt, 246 

of copper, black, 322 

of copper, red, 322 

of magnesium, 237 

of manganese, bvdrated, 

321 

of i)otassium, 228 

of sodium, 230 

of zinc, 324 

of ziiic, red, 325 

of zinc, siliceous, 325 

Oxides, acid, 196 

, basic, 196 

, i)ro]iertieH of the me- 
tallic, 226 

Oxidizing flame, 301 
Oxygen, 193 

, absorption ofi 433 

acids, 198 

compounds, 19G 

, table of, 197 

Oyster, 677 
Oyster-catcher, 540 

Pachydermata, 525 
Paco, 528 
Paguridae, 558 
Painted lady, 566 
Painter's gaper, 577 
Painting on glass, 233 

on porcelain, 240 

Palseothcrium magnum, 367 

minus, 367 

Pales, 421 

Pallets (watch-work), 50 
Palinurus, 558 
; Polliobranchiata, 678 
Palm tribe, 465 
wine, 466 


I Palma christi, 461 
Palinse, 465 
Palpicornes, 563 
Paludina, 576 
Pan, 465 
Pangolin, 524 
Panicle, 419 
Panther, 522 
Papaveraccae, 450 
Paper nautilus, 575 
Papio, iiiuus, 617 
Parabola, 130 
Paradise, bird of, 536 
Parallax, 135 
Parallel forces, 35 
Parallelogram of forces, 32 
Parallels of latitude, 1:>.S 
Paramecium aurolia, 683 
Parasitic plants, 441 
Parenchyma, 387 
Parrakcets, 537 
Parrot li.sh, 555 
Parrots, 637 
Parsley, 455 
Parsnip, 455 

Partial eclipse of the moon. 
172 

of the sun, 1 73 

Particles of matter, arrange- 
ment of, 20 
Partridges, 538 
I'arus cajnileus, 535 

major, 535 

pendulinns, 535 

Passenger pigeon, 638 
ratafjonian [)eiigutn, 5 11 
Pausillip tufa, 341 
Pea crab, 668 ‘ 

iron ore, 320 

tribe, 453 

Pea-wit, 640 
Pcitch, 454 
Poacock, 638 

butterfly, 5CG 

P(jar, 454 
Pearl mussel, 577 

j oyater, 577 

I Pearls, glass, 233 
j Pcarlstone, 317 
! Pearly nautilus, 575 
Peat bogs, 369 
Peccary, 627 
Peeoi)teris aquilina, 361 
Pecteii maximus, 578 
Pectin, 275 

Peculiar decomposition of sim- 
ple chemical grouj^s, 
253 

of organic compounds 

279 
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Pedicularis, 459 
Pedi palpi, 569 
Peduncle, 418 
Pegasus, 553 
Peiagia, 581 
Pelicans, 541 

Pelicanus onocrotalus, 541 
Pencil slate, 334 
Pciiduliiie tit, 535 
Pendulum, 24 

, difierenco in the oscil- 
lations of, at diff erent 
parts of the earth, 25 

, oscillations of the, 25 

, seconds’, 25 

Penguins, 541 
Pcnnatula, 582 
Pentagonal dodecahedron, 294 
Pentainera, 563 
Peiiurahra, 172 
Peony, 450 
Pej)erine, 341 
Pepo, 423 

Pepper, cayenne, 459 

family, 462 

Peppermint oil, 272 
Perches, 555 
Perennials, 396 
Perfect elasticity of air, 18 
Pericarp, 421 
I’erichise, 312 
Perigee of the moon, 167 
Perihelion, 157 
Periodicity of the moon, 168 
Periwinkle, 458 
Ponnaiiganate of potassa, 245 
Pernambuco wood, 453 
^ Pewicus, 154 
I'ersian berries, 274 

or mineral naphtha, 

329 

Peruviarf bark, 456 ^ 

winter cherry, 459 

I\‘taloideaj, 463 
Petals, 414 
Petiole, 401 
Petrels, 642 
Petroleum, 289 
Petromyzon, 552 
Phalangidte, 570 
Phanerogamous plants, 449 
Pharaoh chicken, 634 
I^liarmacolite, 310 
Pliarmacosideritc, 320 
Phascolarctoa, 522 
Phjiscs of the moon, 168 
Phasianus colchicus, 538 

gallus, 638 

nycthcmcrus, 638 

pictus, 638 


Pheasants, 638 
Phenomena, classificalloiL of 
physical, 19 

, diurnal, 142 

, general astronomical, 

136 

, nocturnal, 144 

of attraction, 19, 20 

of currents, 19 

of vibration, 19, 64 

, special astronomical, 

155 

Philaris canariensis, ^.56 
Philium sicifolium, 

Phleum protense, 466 
Phocidas sen Pinnipeda, 630 
Phoenix dactvlifera, 465 
Pholadi*?, 676 
Phonolite, 337, 376 
Phoranthium, 421 
Phormium tenax, 464 
Phosphate of alumina, 315 

of copper, 323 

Phosphate of lime, 235 

of sesquioxido of iron, 

320 

Phosphorescence, 299 
Phosphoric acid, 211 
Pliosphorous acid, 212 
Phosi)horus, 211 
Phosphorettecl hydrogen, 212 
Photographic pictures, 253 
Phyllopoda, 559 
Phyllostomidte, 519 
Physalis Pemviana, 459 
Physalus, 581 
Physeta macrocephalus, 531 
Physical characters of min- 
erals, 297 

phenomena, classifica- 
tion of, 19 
Physics, 13 

Physiology, vegetable, 426 
Piciiiciago, 525 
I’ictures, photographic, 253 
Picus martius, 637 

varius, 537 

viridis, 537 

Pigeon tribe, 538 
Pig-iron, 242 
Pig tribe, 526 
Pike, 663 
Pilchard, 563 
Pile, dry, 112 

, galvanic, 112 

, voltaic, 112 

, Zambonl’s, 112 

Pilgrim’s scallop shell, 578 
Pill-chaffbr, 

Pilot fish, 655 


Pimento, 454 
Pinaster pin us, 462 
Pine-apple family, 464 
Pine-fmeh, 536 
Pink, 451 
Pinna, 577 
Pinus abies, 462 

larix, 462 

pinea, 462 

sylvestris, 1 02 

Piophila casea, 568 
Pipa, 647 

Pipc-clay, 238, 31C 
Pipe-fish, 553 
Pipe-tree, 461 
Piperace®, 462 
Piper betel, 462 

betle, 465 

nigrun> 462 

Pisang banana, 463 
Pisces, 548 

Pistacia lentiscus, 452 
Pistil, 416 
I‘itch, 273 
Pitchatone, 317 

porphyry, 336, 37G 

Plagiostomi, 550 
Plaice, 554 
Phne mirrors, 93 

, oblique, 33 

Planes, edges and angles of 
crystals, 292 
Planetary system, 178 
Planets, 151, 173 

, ancient, 175 

, inferior, 176 

, modem, 175 

— — , orbits^of the, 174 

, superior, 175 

, table of the, 176 

Planorbis, 576 
Plantain-tree, 463 
Plant-lice, 564 
Plants, classification of, 443 

, compound organs of, 

392 

, cryptogamous, 466 

, description of, 449 

, dioecious, 418 

y distribution of, over tho 

globe, 442 

, duration of the life of, 

441 

, internal and external 

structure of, 385 

, monoecious, 418 

, nutrition of, 428 

, parasiti(^441 

-, phanerogamous, 449 

, simple organs oi^ 386 

2k2 
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Plant?, potash in, 229 

,• vascular, 390 

, vital functions, &c. of, 

428 

Plasters, lead, 270 
Platinum, 252, 828 

, condensation of gases 

by, 253 

, spongy, 253 

Plecotus auritus, 519 
Pkctognathi, 552 
Pleiades, 154 
Plesiosaurus, 644 
Pleurisy-root, 458 
Plocaria helminthocoiton, 469 
Plovers, 540 
Plumatella, 582 
Plumbago, 305 
Plummet, 23 
Plum-tree, 454 
Piumuc, 426 
Pluronectes maxima, 554 

Platessa, 554 

solea, 554 

Plutonic fonnations, 350 
Poa pratensis, 466 
Pochard, 542 
Pod, 423 

Podophthalma, 558 

Poduridse, 562 

Point of culmination, 142 

, nodal, 69 

, vernal, 143 

Points and lines on the celes- 
tial globe, 149 

, cardinal, 142 

of repose, 66 

Poison- oak, 452 
Poison-valley of Java, 218 
Polar altitude, 145 

bear, 520 

— - regions, 90 
Polaric electricity of calamine, 
325 

Pole-cat, 621 
Pole, negative, 112 
— of the earth, 137 

j positive, 112 

star, 141, 153 

Poles, difference between the 
diameter at, and at the 
equator, 26 

Polishing slate, 308, 370 
Pollen, 416 
Pollux, 155 

Polyanthus tuberosus, 464 
Polybasite, 327 

Polygastria, 683 
Polygonaceie, ' 460 
Polygonum fagopyrum, 400 


Polypifera, 681 
Polyporus bctulimis, 468 

fomentarius, 468 

Pome, 423 
Pop-gun, 57 
Poplar, 462 
Poppy, 450 

family, 450 

, field, 460 

Popifius alba, 462 

tremfula, 462 

Porcelain, 239 

earth, 238, 316 

, Fayence, 240 

, glazing of, 239 

, painting on, 240 

Porcupine, 524 

, ant-eater, 525 

fishes, 552 

Pores of the skin, 18 
Porfido rosso antico, 336 

verte antico, 336 

Porifera, 682 
Porosity, 15, 18 
Porous bodies, 18 

, compressibility of, 18 

Porphyritic granite, 335 

lava, 338 

melaphjT, 337 

syenite, 335 

Porphyry, 336 

group, 376 

pitdistone, 376 

Portuguese man-of-war, 581 
Position of equilibrium, 36 

of the earth’s axis to the 

plane of the earth’s 
orbit, 158 

Positive electricitj’^, 107 

pole, 112 

Possidonia minuta, 363 
Potash, prussiate of, 244 
Potashes, 228 
Potassa, 228 

, acetate of, 260 

alum, 315 

, bitartrate of, 260 

f carbonate of, 228 

, chlorate of, 229 

, chromate of, 249 

glass, 232 

, manganate of, 245 

mica, 318 

, nitrate of, 229, 309 

, oxalate of, 260 

, permanganate of, 245 

soaps, 270 

j sulphate of, 309 

Potassium, 227, 309 
compounds of, 228 


Potassium, ferroevanide of, 
244 

^ oxide of, 228 

, sulphide of, 228 

Potato, 459 

starch, 264 

Pot-stone, 313 
Potters’ clay, 316 

kiln, 239 

Pouched rat, 523 
Pound, 27 
Poulp, 574 

Powder, bloaching, 236 
Prawns, 558 
Precious garnet, 318 

stones, artificial, 233 

Prehnite, 315 

Preparation of vermilion, 184 

of wood charcoal, 215 

Preser\"ation of food, 284 
Press, hydraulic, 53 
Pressure of the atmosphciv, 
58 

Prey, birds of, 533 
Prickly pejir, 454 
Primitive rocks, 350, 373 
Printers’ black, 216 
Prismatic colours, 103 

manganese blende, 321 

Privet, 458 

Process, Daguerreotype, 255 
— , electrotype, 254 

of amalgamation, 251 

Proccssionary caterpillar, 566 
Procyon, 155 
Productus martini, 362 
Prosencliyma, 387, 391 
Proteidaj, 648 
Protogine, 335 
Protochloride of tin, 248 
Protoxide of copper, 247 
— ^ of iron, 241 

of iron, oxalate of, 329 

of lead, 248 

of manganese, 245 

of mercury, 251 

of nitrogen, 203 

of tin, 248 

of zinc, 24 9 

Proto -SGsquioxide of man- 
ganese, 321 
Protractor, 125 
Prussian blue, 217, 223, 214 
Prussiate of potash, 244 
Prussic acid, 223 
Pscudo-scorpionidfl), 570 
Psittocus erithaens, 537 

cristatus, 537 

Psychrometer, 79 
Ptarmigan, 638 
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rteris aquilina, 4G7 
Pteroceras scorpio, 576 
Pterodactyliis longirostris, 365 
Pteropoda, 575 
Pteropiis javaniciis, 519 

edulus, 519 

Ptolemaic system, 178 
Piiflins, 541 
Pulleys, 38 
Pulmonaria, 561 
Puma, 622 
Pumice-stone, 317 
Pump, 62 

, air, 60 

, forcing, 62 

Pumpkin, 454 
Pupa, 561 
Pupil of tlie eye, 99 
Purging buckthorn, 452 
Purple copper, 323 

emperor, 566 

rail, 540 

J’urpura, 576 
Putrefaction, 283, 286 
Pyralis vitls, 566 
ISTites, antimonial, nickel, 
322 

arsenical, 320 

, arsenical containing sul- 
phur, 320 

, bismuth nickel, 322 

, copper, 323 

, inni, 244 

, nickel iron, 322 

, tin, 323 

Pyroligneous acid, 288 
Pyrolusite, 321 
PyriSMuna, 578 
Python, 546 

Qitadrusandstkin, 366 
Quadrant,*movcable, 127 
Quadratic octohedron, 29-f 
Quadratures of the moon, 169 
Quadrumaiia, 516 
Quagga, 527 
Quails, 538 

(Qualitative analysis, 300 
(Quantitative analysis, 300 
(Quartz, 224 

family, 306 

pori)hyry, 336 

, rose, 307 

, Schiller, 307 

Qu(?rcus robur, 542 
Quince seed, 275 
(Quinine, 263 

Parbit, 523 
Kaceme, 419 


Race, African, 616 

, American, 516 

, Caucasian, 515 

, Malay, 516 

, Mongolian, 616 

Kachis, 419 
Racoon, 620 
Radiata, 679 
Radiation of heat, 87 
Radicals, 196 (Chem.), 258 
Radicle, 425 
Radii vectores, 129 
Radius, 128 

of a concave mirror, 93 

Radish, 450 
Raidse, 550 
Rails, 540 
Rain, 79 

water, 201 

Rainbow, 104 

colours, 103 

Raised mirrors, 93 

trap dyke, 377 

Ram, 154 
Ranimculaceae, 450 
Ratiuncidus, 450 
liaptatores, 533 
Raseneisenerz, 369 
Riisorcs, 538 
Raspberry, 454 
Rattlesnake, 547 
Raven, 586 
Ravenala, 463 
Raw steel, 243 

sugar, 265 

Ray tribe, 550 
Rays, wave, 67 
Razor-shell, 577 
Realgar, 213, 326 
Reaumur's scale, 72 
Receptacle, 421 
Red admiral, 566 

antimony, 326 

arsenical nickel, 321, 

326 

brass, 246 

breast, 635 

clay, 238 

cor^, 682 

deer, 529 

lire, 237 

haematite, 319 

iron ochre, 320 

iron ore, 319 

iron-stone, 244 

lead, 248 

maiccaw, 637 

manganese, 321 

or brown charcoal, 215 

oxide of copper, 322 


Red oxide of zinc, 325 

pine, 462 

— r 430 

— ^ porphyry, 336 

shank, 540 

Redstart, 535 
lied- throated diver, 541 
Reducing flame, 301 
Reed, 466 

toad, 5*18 

W'arbler, 635 

Reefs, coral, 371 
Relined sugar, 266 

sulphur, 207 

Reflecting telescopes, 95 
Reflection of heat, 88 

of light, 92 

Reflectors, 88 

Reflux tide, VI - . . 

Refracting power of minerals, 
298 

Refraction, double, 298 

of heat, 88 

of light, 95 

Refrangibility of light, 103 
Regions, polar, 90 
Regulator (in w^atclics), 51 
Regulus, 155 
Reindeer, 529 

Relative magnitudes of the sun 
and earth, 156 
Remora, 554 
Rcnealmia, 463 
Rennet, 278 
Repose, points of, 66 
Reproduction and increase, or- 
gans of, in plants, 408 
Reptilia, 542 
Repulsion, 21, 56 

, magnetic, 116 

Resident birds in plants, 532 
Resin, yellow pine, 273 
Resins, 272 

, earthy, 329 

gum, 274 

Resistance of the air to faUiiig 
bodies, 24 
Rest, 28 

Retarded velocity, 30 
Retina, 99 
Retinite, 329 
Rhamnacese, 452 
Rhamphastidie, 537 
Rhapidian cells, 388 
Rhea, 638 
Rheum, 460 
Rhinoceros, 527 
Rhinolophidee, 519 

Rhizome, 395 

Rhizostoma, 581 
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Khodotlondron, 457 
Khombic dodecahetlron, 294 

octohedron, 295 

Rhubarb, 4(?0 
l^us radieaus, 452 
■ toxicodeudron, 452 
Bibband fish, 555 
Rico, 46G 

Riciiuis communis, 4Gl 
Rigol, 155 
Right ascension, 147 
Ring-dove, 538 
Ringed snake, 54G 
Rings, annual, 399 
River crab, 558 

eel, 554 

horse, 526 

lamprey, 552 

tortoise, 51^1 

Roach, 553 
Robber gull, 542 
Robinia, 453 
Rocambole, 4G4 
Rocella fuciformis, 4G8 

tinctoria, 4G8 

Rock crystal, 223, 307 

felspar, 317 

salt, 230, 309 

Rocks, 292 

, aqueous, 350 

, calcareous, 3G7 

, classification ot‘ 333 

, configuration of, 342 

, external forms of, 344 

, fissured, 342 

, fundamental, 350 

, indistinctly mixed, 340 

, intemalstructureof,342 

, massive, 342, 344, 372 

, mechanically mixed, 338 

, mineralogical descrip- 
tion of, 332 

, mixed, 334 

, primitive, 350, 373 

, simple or homogeneous, 

334 

, simple and mixed, 833 

, special forms of, 345 

, stratification of. 313, 

345 

• , stratified, 344 

y tertiary, 367 

, transition, 360 

Rocket, 461 
Rockling, 554 
Rod, discharging, 109 
Rodentia, 523 
Roe, 529 
Roestone, 311 
Roll sulphur, 208 


Roofing slate, .334 
Root, Anietion of, 394 
Roots, marsh mallow, 275 
Root -stock, 395 
Rorqual, 531 
Rosa centifolia, 453 
Rosacea?, 453 
Rose-apple, 454 

beetle, 663 

family, 453 

mica, 319 

quartz, 307 

Rose-oil, 272 
Rosemary, 459 
Rosmarinus officinalis, 459 
Rotation of crops, 439 

of the earth round the 

sun, 156 

of the sun round its 

axis, 167 
Rothliegendes, 360 
llotifera, 572 
Round worms, 578 
Rouge, English, 244 
Rubiaccai, 456 
Ruby-glass, 233 

silver, 3*27 

, spinel, 315 

Rue family, 452 
Ruff, 640 
Rum, 281 

Rutnex acetosa, 460 

acetosclla, 460 

Riiminantia, 528 
Runners, 538 
Runner (flour mill), 46 
Running spiders, 569 
Rushes, 466 
Russian leather, 279 
Rutacese, 462 
Rye, 466 
Rye-grass, 466 

SARRIJ.A, 571 
Sable, 521 
Sacred beetle, 663 
Sacred ibis, 539 
Safetj’-lamp, 220 
Safllowcr, 457 
Saffron, 464 
Saffron-wood, 274 
Sage, 460 
Sagittaria, 465 
Sago, 264 

palm, 465 

Sagherus saccharifer, 465 
Sagtis Isevis or inermis, 465 

7 farinifera, 463 

Saintfoin, 453 
Salamander, 548 


Sal-ammoniac, 233 

, spirit of, 233 

Salep, 463 

root, 275 

Salicomia, '160 
Saline clay, 341 

springs, 230 

Salino lacustris, 553 

I lavaretus, 553 

! marasnnla, 553 

I salar, 553 

I thymalliis, 553 

I trutta, 553 

Salmon. 553 
Salpae, 578 
Salsola, 460 
Salt, 204 

y culinary, 230 

plants, 460 

, rock, 309 

Saltatorcs, 569 
Salterns, 231 
Salt-formers, 225 
Saltpetre, 220 

, preparation of, fivoi 

animal matter, 229 
Salts, 192 

, anhydrous, 200 

, Epsom. 237 

, (Jlaubcr's, 2.31 

, haloid, 225 

of sorrel, 260 

, sulphur, 225 

Sfilvia officinalis, 460 
Sambuciis nigra, 456 
Sand, 340 

eel, 555 

hopper, 659 

martin, 635 

pipers, 540 

sparkler, 563 

— ■ — wasps, 668 
Sandarach, 273 
Sandstone, 339 

, flexible, 334 

, lower new red, 360 

, variegated, 36.3 

Sap, cellular, 387 

, circulation of, 386 

green, 274, 452 

wood, .399 

Sapphire, 2.38, 314 
Sardine, 553 
Satellites of Jupiter, 177 
Saturation, 201 
Saturcia, 460 
Saturn, 177 

Satumia promellica, 560 
Sauria, 644 
Savoury, 460 



Saw-fisli, 550 
Saxon .sulphuric acid, 210 
Scabious, 456 
Scalaria ])reciosa, 576 
Scale, diagonal, 130 

, centigrade, 72 

, Fahrenheit’s, 72 

insects, 561 

— : — , Iteaumur’s, 72 
Scaly-fiiined fishes, 550 
Scansores, 536 
Scaraban, 563 
Scarcoptes scabiei, 570 
Searus, 555 
Scbeen?rite, 32D 
Schiefer spar, 311 
Sebieferthon, 360 
Schiller quartz, 307 
Schorl, 318 

Schwein flirt green, 247 
Seilla, 464 
Scltiininea*, 463 
Sciuriibe, 523 
Sciurus glis, 523 

Yolitans, 523 

vulgaris, 523 

Scolojiax media, 510 

riisticola, 540 

Scomber, 555 
Scorodite, 320 
Scorpion, 155 
Scorpions, 560 
Scorzoncra, 457 
Scotch lir, 462 
Scoters, 512 
Sera tellers, 538 
Screech-owl, 535 
Scro^jliuliiriace.T, 450 
Scurvy-grass, 4 50 
Sea-anenione, 582 
Sea-blubber, 581 
Sea- brims* 555 
Sea-ceulipedes, 570 
Sea-cow, 531 
Sca-cuciiinber, 580 
Sea-dcvil, 555 
Sea-dragon, 653 
Sea-cj(‘l, 554 
Sea-fan, 682 
Sca-luiro, 576 
Sea-lilies, 580 
Sea-lion, 530 
Sca-inat, 582 
Sea-monk, 531 
Sea-mouse, 570 
Sea-nettles, 580 
Sea-i)on, 582i 
Sea-pie, 556 
Sea-swallows, 541 
Jpto-iu;phin, 580 
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Sea-weed family, 4G9 
Sea-wolf, 655 
Seal, common, 530 
Secant, 128 

Second order of minerals, 
319 

Secondary forms of crystals, 
293 

Seconds, 125 

' ])endulum, 25 

Secretary bird, 634 
Sedentes, 669 
Sedge family, 465 
Seed, 421 

, quince, 275 

Seed-crow, 636 
Seed-lobe, 401 
Segner’s wheel, 52 
Selenite, 309 
Seltcrs’ waters, 219 
Semi-transparent glass, 232 
Semnopithecus iiemieus, 617 
Sepals, 413 

Separation of gold, 252 
Sepia, 573 
Serpents, 313, 546 
Sei’iienfine, 375 
Serjiula, 571 

Scsquichloride of chromium, 
219 

, of iron, 24 4 

Sesquioxide ol bismuth, the, 
323 

of chromium, 249 

, of iron, 244, 319 

of iron, clays colouri'd 

by, 316 

of iron, hydrated, 320 

! of iron, phosphate of 320 

Shad, 553 
Shadow, 92 
Shallot, 464 
Shainois leather, 279 
Shark tribe, 550 
Shcatliing leaves, 401 
Sheet glass, 232 

lightning. 111 

Shellac, 273 
Sheldrake, 642 
I Shoe (flour mill), 46 

leather, 279 

Sliort axis of the ellipse, 129 
Short-sightedness,* 100 
Short-tailed field mouse, 523 
Shrew, common, 519 

. pigmy. 519 

Shrikes, 535 
Shrimps, 658 
Sidereal day, 165 
Sienna, terra de, 316 


fi.ll 

Sight, sense of, 508 
Signs and constellations, 163 
— of the Zodiac, 154 
Silica, 224 

Silicate of bismuth, 324 

of copper, 323 

of lime, 236 

of manganese, 321 

of soda, 232 

of zinc, 249 

Silicates of alumina, 238 
Silicic acid, 223 
SilicTOus oxide of zinc, 325 

sinter, 308, 369 

slate, 307 

Siliciuin, 223, 306 
Silicula, 423 
Siliqua, 423 
Silk-ivomi, 647 
Silurus, 654 
Silver, 251, 326 

and Clipper, sulphide of, 

327 

and gold, natural alloy 

of, 328 

, antiinonial, 327 

, bisnmthic, 327 

, black sulphide of, 327 

, brittle sulpbide of, 327 

, bromide of, 327 

, carbonate of, 327 

, chloride of, 252, 327 

coinage, 216 

fir, 462 

, (tormaii, 216, 249, 322 

gull, 641 

, horn, 327 

, iodide of, 252 

litharge, 248 

, native, 326 

, nitrate of, 251 

pheasants, 538 

, ruby, 327 

, sulphide of, 327 

, vitreous, 327 

Silvering by the galvanic pro- 
cess, 255 
Simarubia*, 452 
Siinia satyrus, 517 

troglodytes, 517 

Simiadfle, 617 
Similor, 246 
Simple groups, 192 

minerals, 292 

organs of plants, 386 

radicals, 258 

rocks, 333 

roots, 394 

Sinapis nigra, 451 
Sine, 134 
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Singing birds, 635 
Single-armcd lever, 37 
Sinter, silicioiis, 308, 369 
Siphonia elastico, 461 
Siphoiiostoma, 559 
f'jPIpiinciiliis, 580 
ffirins, 155 
Siskin, 536 
Skate, 550 
Skin, pores of, 18 
Skip-jack, 563 
Skua«i, 542 
Skunk, 521 
Sky-lark, 536 
Slacrcry lava, 338 
SlMg of iron liirnaoos, 2 12 
Skilled lime, 23 1 
Skile, chlorite, 319 

, cupriterf^ns, 3 10 

, polLdiing, 370 

, ‘'ilicioii'', 3(»7 

Slatv Menite, 33.) 

Sloe, 454 
Sloth, 524 

Slow carhoni/.ition, 281 
Slow lemnrs, 518 
Slutf^. 576 
Smalt'*, 216, 321 
Smee\ battery, 114 
Snail'*, 576 
Snake fish, 5.55 

li/ards 515 

Siiake^tone, 313 
Snipe li^h, 556 
Snipe**, 510 
Snow, 79 
Snow-hall, l.)6 
Snow- bun ting, 536 
Snow -drop, 461 
Snow-flake, *1 6 1 
Snuffbox tortoi&e, 513 
SoapSj 270 
Soap‘*tone, 313 
Soap- wort, 451 
Soda, 230 

ash, 231 

, biborate of, 224, 309 

, carbonate of, 231 

glass, 232 

, i/itnite of, 229, 309 

j silicate of, 232 

— soaps, 270 

, sulphate o^ 231 

Soda-alom, Sid 
Sodalite, 317 
Sodium, 230, 809 
— , chloride od; 280 

, oxide ci, 280 

Soft so.'^p, 270 
-r—' witer, 201 


Soft-rayed fishes, 653 
Solanaceas, 458 
Solan goose, 541 
Solannm dulcamara, 469 

lycopcrsicum, 459 

nigrum, 459 

olifenim, 459 

tuberosum, 459 

Solar day, 1 65 

, eclipse, partial, 173 

, total, 173 

Solder, 218 
Solen, 577 
Soles, 554 
Solid l)odio*«, 17 

contents of the earth, 

137 

substances, 20 

migular, 527 

Solidification of carbonic acid, 
219 

I Solstice, Slimmer, 143, ICO 

^ winter, 1 1.‘>, 160 

Soluble gla<‘', 230 

salts of copper, 3J2 

Sfdution of ammonia, 233 
Soiig-thrubh, 535 
Soot, 216 

Sorb-apple tree, 451 
.Sorex araiieus, 510 

pygiuccu&, 619 

Sorosis, 421 
Sorrel, salt of, 260 
Sound, 19, 65, 67 

tiguros, 69 

, j»a‘'sage of, through 

bodies, 70 

Sounding-htone, 337 
Soiiiid-wave*?, 67 
Sources* of light, 91 
South, 142 

American boar, 527 

Spadix, 419 
Spanish fly, 563 

ree<l, 466 

Spar, 316 

, bitter, 312 

, brown, 812 

, calcareous, 311 

, double refracting, 811 

y heavy, 811 

, zinc^ 825 

Sparganiiim, 465 
Sparidae, 555 
Spaik, electric, 106 
Sparrow, 636 
Sparrow-hawk, 584 
Spathic ironstone, 320 
Speaking-trumpet, 70 
Special forms of rocks, 846 


Special astronomical pheno 
mena, 155 
Specific gravity, 27 

grarity of minerals, 29.' 

, method of determining 

65 

beat, 90 

Spectacles, 100 
Spectre-louse, 659 
Specular iron, 242 
Speis cobalt, .321 
Spermaceti whale, 5.31 
Splumoptcris hteninghauss'ii, 
361 

S])here, 128 

, cubic contents of, 129 

, biij)crficial contents o 

128 

Sphinx atropos, 566 

convolvuli, 

cuphorbii, .566 

Pt(*lhitarurr., 566 

Spluero'.iderite, 3-20 
Spider monkey. 517 

tribe, 568 

Spike, 419 

Spinacciv olfracciC, 4 66 
S})inage, 169 
Si»inel ruby, 315 
Spinels, 315 
Spinil springs, 19 
Spirifer glabra, 362 
Spirit of bartMhorn, 288 

of sal-ammoniac, 233 

of wine, 267 

Spirituous drinks, 281 
Spirv-ra\ed fi*.hes, 56.) 
Spoduinene, 317 
Sponges, 582 

Spontaneous decoiupo^itl*. 
280 

Spoonbill, 639 
Spores, 408 
Sporous fungi, 468 
Spots on the sun’s disc, 1 5' 
Spotted woodpecker, 537 
Spring, clock, 4 6 
Springbock, 630 
Springs, 19 

, mineral, 201 

, saline, 280 

, spiral, 19 

1 sulphur, 210 

, thermal, 201 

Spring-tails, 562 
Spurge famUy, 46r 

laurel, 468 

sphynx, 666 

Squaliis canicula, 650 
— carchorias, 650 
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Squalus inaximus, 550 
Squammati, 544 
^quilla maratima, 464 
Squirrel, 523 

monkey, 617 

tribe, 523 

St. Gothard, rock crj^stal of, 
224 

St. Ignatius’s bean, 458 
St. John’s bread- tree, 453 
St. Peter’s fowl, 542 
Stag-beetle, 563 
Stained glasses, 233 
Stalactites, 345 
Stalagmites, 346 
S dlk, 395 

leaves, 401 

Siaincns, 415 
Stang fishes, 580 
Staphylinus, 663 
Star, e ening, 176 

, morning, 176 

of lleJilehcni, 464 

, pole, 14.1 

Starch, 264 

, conversionof, 1.1 to grape 

sugar, 265 

gum, 265 

Star-fish, 580 
Star-gazer, 555 
Starling, 536 
Stars, altitude of, 146 

, fixed, 151 

visible in Europe, 153 

Starwort, 457 
Stales of aggregation, 17 
Stations, trigonometrical, 133 
St^urolite, 318 
Steam-engine, 81 
Stearic acid, 269, 271 
Stearin candles, 270 
Stcaropt«ie, 271 
Ste^itite, 313 
Steel, 242 

, varieties of, 243 

Stellarida, 580 
Stellio, 545 
Stem, 395 

f functions of, 4u0 

, internal structure of, 

396 

of acotvlcdonous plants, 

397*' 

of dicotyledonous plants, 

m 

of monoGotyledonous 

plants, 397 
Stentor, 68?1 
Stercus Diaboli, 

|fete |glmintha, 578 


Stembergite, 327 
Stickle-back, 555 
Sticta pulmonaria, 468 
Stigma, 417 
Stilbite, 315 
Stilts, 640 
Stinging nettle, 461 
Stin^tone, 311 
Stipules, 401 
Stock-dove, 538 
Stone-crop, 458 
Stone, under flour-mill, 46 
Stones, 292 

, boiling, 315 

, meteoric, 319 

Stoneware, 240 
Stork, 539 
Stormfinch, 542 
Storms, 74 

Stratification of rocks, 343, 
315 

StratiOed formations, 858 

rocks, 344 

Strawberry, 454 
Streak, 299 
Strepsilas collaris, 540 
Strings, vibrating, 67 
Strix bubo, 534 

noctua, 535 

! otus, 635 

Strobiliis, 424 
Strongilus, 578 
Stroiitia, sulphate of, 312 
Slrontianite, 312 
Strontium, 237, 312 

, cliloride of, 237 

Structure of bones, 21 7 
Struthio camelus, 538 
Strychnine, 263 
Strychnos, 458 

tientc, 458 

Sturgeons, 651 
Style, 417 

Subchloridc of mercury, 251 
Sublimate of mercury, 251 
Sublimation, 76 
Suboxide of copper, 322 
Substances, indifferent, 192 

f inorganic, 291 

, 8olid,v20 

Succory, 467 
Sucking-fish, 564 
Suctoria, 571 
Sugar, 265 

candy, 266 

i gelatine, 270 

, grape, 2G6 

maple, 462 

— —-f milk, 266 
— of lead, 260 , 


Sulphate of alumina, 238,314 

of baryta, 236, 311 

of copper, 247, 323 

— r- of iron, 245 

of lead, 324 

of lime, 235 

of magnesia, 237, 3151^, 

of manganese, 321 

of potassa, 309 

of soda, 231 

of strontia, 312 

of zinc, 249, 325 

Sulphide of antimonv and lead, 
324 

of arsenic, 213 

of cobalt, 321 

of copper, 322 

of copper, antimonial, 

323 

of a>pp«*, bismuthic, 323 

of iron, 244 

of lead, 324 

of mercury, 251, 326 

of nickel, 321 

of potassium, 228 

of silver, 327 

of silver, black, 327 

of silver, brittle, 327 

of silver and copper, 327 

of tin, 249 

of zinc, 325 

Sulphides, 210, 225 

, colours of metallic, 210 

j properties of metallic, 

226 ’ 

Sulplmr, 207, 304 

f absorption of, 435 

, combinations of iron 

with, 320 

, compounds of, 203 

, liver of, 228 

, milk of, 228 

salts, 225 

springs, 210 

Sulphuric acid, 208 

ether, 269 

Sulphurous acid, 210 
Sumach, 452 

Summer solstice, 143, 160 
Sun, 151 

and earth, 156 

edipse 173 

f mass of, 157 

f rotation of the earth 

round t&e, 156, 157 
Sun-flower, 467 
Sunk trap dykes, 877 
SunriOe, 142 
Sun’s di8<^ fi^ots on, 157 
SuDset, ill:; ’ • 
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Superficial contents of the 
earth, 137 


Swallows, 535 
Swallow-tailed kite, 534 
— - moth, 566 
Swan, 542 
Sweet flag, 465 

pine, 462 

vernal grass, 466 

Swift gazdle, 530 
Swifts, 535 
Swimmers, 541 
Sword-fish, 555 
Sycop(||^t-beetli, 563 
Sy^o^'424 
Syenite, 317, 335, 374 

porph3Ty, 336 

Sylvanite, 328 
Sylvia arundinacea, 535 

atrocapillo, 535 

■ cinerea, 535 

erithacus, 535 

luscinia, 535 

regulus, 535 

rubecula, 535 

troglod3’'tc3, 535 

Symbols, chemicsd, 189 
Sympathetic ink, 246 
Syndactyli, 536 
Syngnathus, 553 
Synopsis of fonnations, 354 
Syphon, dipping, 63 

^ Mitscherlich’s, 64 

Syrian goat, 530 
Syrphids, 568 
System of crystals, regular, 
294 

of crystals hexagonal, 

296 

of crystallization, 293 

^ of Ptolemy, 178 

Systematic botany, 443 
geology, 849 

TABANIDiB, 568 
Table of Polar altitude and 
temperatures, 73 

of the planets, 175 

- of oxygen compounds, 

197 

Tabular view of the elements, 
185 

fachyptera antiopa, 566 
— atalaSI4a, 566 


Tachyptera brassica, 566 

io, 566 

iris, 566 


Talc-spar, 312 
Talpa Europaea, 519 

casca, 620 

inaurata, 620 

Tallow, mountain, 329 
Tamarind-tree, 453 
Tangent, 128, 134 
Tangential force, 33 
Tangle, 469 
Tannic acid, 261 
Tanning, process of, 279 
Tansy, 457 
Tantalus ibis, 539 
Tape-worm, 579 
Tapioca, 264, 461 
Tapir tribe, 527 
Tartar, cream of, 260 

emetic, 250, 260 

Tartaric acid, 260 
Tartrate of antimony, 250 
Taste of minerals, 299 
Tawny vulture, 534 
Taxonomy, 443 
Tea family, 451 
Tea-shrub, 451 
Teal, 542 
Teazel family, 456 
Telescope, 98 
— , reflecting, 95 
Telegraph, electric, 119 
Tellinagari, 577 
Tellurium, graphic, 328 
Temperate zones, 90, 161 
Temperature, 71 
Temperatures, table of, 73 
Tench, 553 
Tenebris moUitor, 563 
Tension of gases, 56 
Terebratula, 578 
Teredo nav^is, 576 
Terminal buds, 409 
Termites, 565 
Temeo, 641 
TemstrsBmiarese, 451 
Teroxide of antimony, 325 
Terra de Sienna, 316 
Terrestrial globe, 138 
TerricolsB, 571 


Testudo grscca, 543 

gcometrica, 543 

Tetramera, 563 
Tetrao bonasia, 538 

lagopus, 638 

tetrix, 538 

urogallus, 538 

Tetrodon, 552 
Thalamiflorss, 450 
Thallogense, 468 
Thea sinensis, 451 
Thcliphonedic, 569 
Thelphusa, 558 
Theobroma cacao 451 
Theobromine, 451 
Thermal springs, 201 
Thermometer, 71 

j graduation of, 72 

Thistle, 456 
Thistle-finch, 636 
Thomsonitc, 315 
Thorictis dracocna, 515 
Thom apple, 459 
Thread worms 678 
Three-toed ostrich, 538 

slo'-a, 525 

Thruphes, 535 
Tb^mderstorms, 110 
Thymallus, 553 
Thyme, 459 
Thymcllacea}, 460 
Thynnus, 555 
Thyrsus, 419 
Thysailoura, 5 62 
Ticks, 570 
Tides, 170 
Tiger, 622 
Tiger-boa, 546 
Tiger-shell snail, 576 
Tiglium croton, 4G1 
Timber borer, 676 
Time, equation of. If 5 
Timethy grass, 466 
Tin, 324 

, binoxide, 324 

— ore, fibrous, 324 
, protocliloride of, 248 

— , protoxide of, 248 

— pyrites, 323 

— , sulphide of, 249 
Tineas, 556 
Tin-foil, 248 
Tinkal, 225 
Tin-stone, 248, 324 
Tissue, cellular, 391 
Titmouse, 535 


of a sphere, 129 

Superior planets, 175 
j|uriace of the earth, distribu- 
icion of heat on, 90 
^geon fish, 556 
iSus scrofa, 526 


Tad-poles, 548 
Tamia solium, 579 
Talc, 313 
Talc-gneiss, 335 
Talc-slate, 334 


Tersulphide of antimony, 250, Toads, 548 
825 Tobacco, 459 

Tertiaiy rocks, 867 Tomato, 459 

Tetrahedron, 294 Tomhabk, 246 
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Tunes, height iiud depth of, 
67 

Toothed wheels, 4S 
Topaz, 319 
Torpedo, 650 
Torricellian vacuum, 59 
Torrid zone, 90 
Tortoises, 543 

Tortoise-shell butterfly, 666 

spider, 569 

Tortricidae, 666 

Total eclipse of the moon, 172 

of the sun, 173 

Totter grass, 466 
Toucans, 537 
Toucli of minerals, 299 
Tourmaline, 318 

y electrical state when 

wanned, 318 

slate, 334 

Toxotes jaciilator, 556 
Trachearia, 570 
Trachinns, 555 
Trachyte, 338, 376 
Tragacanth gum, 275 
Transit of merciiiy, 176 
Traiisilion rocks, 360 
Transmission of heat, 87 

of motion, 41 . 

Transparency of minerals, 298 

Transparent bodies, 95 

Trap formation, 375 

Travertine, 369 

Treacle, 266 

Tree frog, 647 

Tree-wax, 271 

Trefoil, 453 

Trgpang, 580 

Trias, 363 

Trichecus rosmarns, 641 
Trichocephalus, 678 
'rridacne,«677 
Trigla hirundo, 655 
Trigonometrical mensuration, 
132 

stations, 133 

Trilobites, 360 
Trimera, 564 
Triodon, 662 
Tripe de Roche, 468 
Tripoli, 316, 370 
Triton, 648 
-topical zone, 90, 161 
Tropic bird, 641 

■ of Cancer, 149, 160 

-of Capricorn, 149, 160 

,144. 
outs, 653 
Trume, 468 

^ It Yorticella, 683 


Trumpet, hearing, 70 

j y speaking, 70 

Trunk-fishes, 552 
Tuber, 412 
Tuber-cibarinm, 468 
Tubes, capillary, 22 
Tubicolae, 571 
Tubipora musica, 582 
Tufa, 341 

, calcareous, 811, 369 

Tuft-gilled fishes, 552 
Tulip-tree, 460 
Tunica sclerotica, 99 
Tunicata, 578 - 

Tunny, 655 
Turban, 464 
Turbine, 52 
Turbot, 554 
Turdus musicus, 535 

merula, 535 

pilaris, 635 

polyglott®, 536 

viscivorous, 536 

Turf, 217, 285, 306, S69 
Turf-moss, 467 
Turkey, 538 
Turkey-red, 456 
Turk’s cap, 464 
Turmeric, 274 
Turnip, 450 
Turn-stone, 640 
Turpentine, 273 

, oil ofj 272 

Turrilites, 575 

costata, 366 

Turtle-doves, 538 
Turtle-tribe, 543 
Two-toed ostrich, 638 

sloth, 526 

Type metal, 250 
Typha latifolia, 465 
Typographer beetle, 665 

UiJMUS campestris, 461 
Ultramarine, 240, 317 

, artificial, 317 

Umbel, 420 

, compound, 420 

Umbdliferss, 354 
Umber, 320 
Umbra, 172 
Unaci, 525 
Undershot- wheel, 44 
Under-stone (flour mill), 46 
Undulatory motion, 65 
Unequal-armod lever, 87 
Unicom fish, 552 
Upas-antiar, 462 
Upas tient5, 458 
Upholsterer bee, 568 


Uranus, 178 
Urania speciosa, 463 
Ursus maritimus, 520 
Upright strata, 343 
Upupidae, 536 
Ursine opossum, 522 
Ursinos arctos, 520 
Ursus americanus, 520 

lotor, 520 

Urticacese, 461 

VACCrKTACEiE, 457 
Vacuum, falling of bodies in, 
24, 61 

, Torricellian, 69 

Valcrianacese, 456 
Valerian family, 456 
Vampyres, 519 
Vanellus cx^tatus, 540 
Vanilla planifolia, 463 

claviculata, 463 

Vaporization, 78 
Variegated sandstone, 363 
Varieties of iron, 242 

of steel, 243 

Vascular plants, 390 

tissue, 389 

Vavan, 544 

Vegetable brimstone, 467 

charcoal, 216 

fibre, 276 

fibrin, 278 

gelatin, 275 

matter, products of the 

decomposition of, 283 

mucilage, 275 

physiology, 426 

Veins, 314 

Velocity, accelerated, 30 

and direction, 29 

, equal, 29 

y final, 30 

, mean, 30 

of the earth’s orbitual 

motion, 157 

of light, 92 

y retarded, 30 

Venantes, 669 
Venation of leaves, 402 
Venomous serpent^ 546 
Venus, 176 

, girdle of, 581 

Veratrum album, 465 
Verbascum thapsus, 459 
Verdigris, 247, 260 
Verge of a watch, 60 
Vermiform animads, 570 
Vermilion, 261 
— — , preparation of, 184 
Veronese green, 820 
2l • 
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Vernal equinox, 143, 160 

point, 143 

Vcrtebrata, 612 
Vespertilio noctula, 51 9 
■-T? pipistrellus 619 
murinus, 619 
rtilioiied*, 619 
Vibrating stnngs, 67 
Vibration, 19 

y phenomena of, 19, 64 

Vibrations in general, 65 

of ether, 65 

of matter, 65 

Vibrio. 583 
Viburnum, 456 
Victor’s-laurel, 460 
Vicugna, 628 
Vine family, 452 

weevil, 563^^ 

Vinegar, 269 
Violaceai, 451 
Violet family, 451 

, field, 451 

■■■• — , sweet-scented, 451 
Violet-glasb, 233 
Viper, common, 647 
Viigin, 155 

Virginian opossum, 522 

snake root, 461 

Vision, 98 

f angle of, 131 

Vitacen, 452 

Vital functions, &c. of plant®, 
428 

■ ■■ ■— power, 426 
Vitreous copper, 322 

humour, 98 

silver, 327 

Vitriol, blue, 247, 323 

, green, 245, 320 

j white, 249 

Viverra zibetha, 621 
Vivianite, 320 
Volatile oils, 271 
Volcanic group, 377 

scoria, 338 

Volcanos, 351 
Voles, 523 
Voltaic pile, 112 
Volutes, 676 
Volvox, 683 
Vnltur dnerens, 534 

giyphuB, 634 

pemopterus, 534* 

— leucocephalus sewfulvus, 
634 

WAOOomBB, 164 
WagtaiL 535 
Wake-iwin, 466 


Walking-leaves, 565 

sticks, 565 

Walnut-tree, 452 
Walrus, 531 
Wasps, 668 

AValch, discovery of, 51 
Watches, cylinder, 51 
Water, 200 

bearer, 166 

bugs, 664 

compressibility of, 18 

, decomposition of, by 

electricity, 254 

fennel, 456 

flannel, 469 

fleas, 559 

g’ass, 230 

, Goulard's, 260 

hemlock, 455 

, laurel, 223 

lily family, 450 

lily, white, 450 

, lime, 234 

mole, 526 

of crystallization, 200 

plantain family, 465 

, preparation of, from 

oxygen and hydro- 
gen, 200 
— rail, 640 

rat, 523 

scorpions, 564 

, Setters’, 219 

spiders, 569 

spouts, 75 

Waters, acidulous, 219 

y chalybeate, 245 

Wavellite, 315 
Wave motion, 65 

rays, 67 

y sound, 67 

systems, interforence of, 

66 

Waves, moving, 65 

, standing, 65 

Way, Milky, 152 
Wax, 271 

, mountain or earth, 329 

myrtle, 462 

Weasel, 621 
Weaver, 656 
Weaving spiders, 569 
Web-footed birds, 641 
Weger, 164 
Weight, 26 

, dock, 46 

Weights, 26 

, atomic, 189, 190 

f comparison o^ 27 

Wdls, artesian* ^79 


Wentcltrap, 676 
Wemerite, 318 
West, 142 
Wetting, 21 
Whale food, 676 

louse, 559 

tribe, 631 

Whalebone whales, 631 
Wheat, 466 
Wheat-starch, 261 
Wheel and axle, 41 

animalcules, 572 

, balance, 50 

, bevelled, 43 

, breast, 44 

, fly, 44 

, great (clock work), 50 

, intermediate (clock 

work), 50 

, minute (clock woik), 

50 

j Segner’s, 52 

, undershot, 44 

Wheels, toothed, 43 
Whirlwinds, 7. I 
White antimony, 325 

ants, 565 

arsenic, 212 

arsenical nickel, 322, 

826 

bordered mantle, 566 

cobalt, 321 

fire, Dcngftl, 21 

hellebore, 465 

heron, 539 

lead, 218 

lead ore, 324 

leather, 279 

light, 103 

lily, 46 4 

polar bear, 520 

shark, 55(» 

f I sugar, 266 

throat, 535 

vitriol, 249 

Whiting, 654 
Whortleberry, 457 
Wild ass, 527 

cat, 622 

du^, 5421 

Window glass, 282 
Winds, 74 
Wine, 281 

, spirit of, 

Wintesr solstice, 147 
Witherite, 312 
Woad, 461 
Wolffish, 565 
Woodbine, 456 
Woodcock, 640 
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1 Wood, 27^ 

I .. — ashes, 228 

. f Brazil, 274 

f , Campeachy, 274 

I charcoal, 215 

I Wood, kyanizing oi^ 469 
1 Wood-eaters, 603 
I Wood-louse, 568 
I Wood-peckera, 537 
■ Woou-rulF, 466 
Wood-sorrel, 4fl0 
Wood-wasps, 668 
Woody cells, 387 

iibre, 275 

nightshade, 459 

stems, 396 

tissue, 387 

Wormwood, 457 
Wrought iron, 242 
Wry-neck, 637 


XiPTTAS, 565 
Xipliosura, 559 
Xylopbagi, 663 


Yam tribb, 468 
Yard, 15 
Year, 143 

f mean temperature of, 

91 

Yeast, 280 
Yellow berries, 274 

bottle glass, 232 

bunting, 530 

chatterer, 635 

clay, 238 

glass, 233 

oak, 274 

ochre, 616, 320 

pine resin, 273 

root, 274 

water-snake, 546 

Yew, 462 

Zamboni’s pile, 112 
Zebra, 627 
Zebu, 530 ' 

Zeehstein, 362 
j Zenith, 139 
1 distance, 146 


Zeolites, 315 
Zer, 534 
Zinc, 219, 324 
— . blende, 825 

-, carbonate of, 325 

, oxide, 324 

, protoxide of, 249 

red oxide, 325 

, silicate of, 249 

, siliceous oxide, 325 

spar, 325 

— sulphate of, 249, 325 

sulphide of, 325 

Zingiberacea, 463 
Zingiber onicinalis, 463 
Zinkenite, 324 
Zircon, 319 

Zodiac, signs of the, 154 
Zone, cold, 90 

frigid, 1^1 

f temperate, 90, 161 

, torrid or tropical, 90, 

161 

Zoophytes, 581 
Zygsena malleus, 550 
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